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ABSTRACT ... 

This course-, adapted' from militacy curriculum 
materials for use in vocational and technical education,' was desigaed^ 
to« upgrade an appr.entice weather obs^tver to the weather observer^ 
specialist level. Intended to be used^ in a laboratory or on-the-job- 
learning situation, it contains both basic information needed for 
review and supervisory information. The course is divided into four 
volumes witt accompanying student* workbooks . Volume 1 on unit 
operations, equipment , 'and special topics contains two chapters 
covering meteorology^,, mathemati<rs, and weather station equipment; 
while the second* volume on surface weather observations and station 
operati6ns contains two chapters covering observations as' tfell as, 
encoding and djsseminatiftg surface observations, with practice charts 
attached. In the third volume on weather plotting and cdmltiunications , 
th-ree chapters cover plotting weather charts, weather communications,- 
as well as editing and electronic data processing. A supplemen'tal 
volume of charts accompanies the volume. The final* volume on upper 
air obseryabions and tactical stations contains three chapters 
discussing ^lot ballooi\,,observ5tions , Rawinsonde Observations, and", 
Rocketsonde and Drqpsonde Obse-rvations . Each chapter contains 
objectives, readings, exercises, and answers" for student self-study 
and evaluation. Volume review exercises (without answqr^) are 
available. Used in a self-study slt^i^tion, t^ie course is planned to 
give some background\ and advinc^^nf ormation on specific procedures 
us6d in meteorology and' weath^ observation . (KC) . 

* Reproductions ^upplied by EDRS are the best Viat can be made * 
^ from 'the original document. * 
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MILrrftPY OJRKCCULUM ^4AIERIALS 

• The military-developed curriculum materials in this cour9§ 
padcage were selected by the National Center for Research in 
Vocational Education Military Curriculum Project .for dissCTi- 
ination*to the six" regional Curriculum Coordination Centers ind 
, o,ther instructional materials 'agencies . The purpose of 
dissemimting tiiese oojiarses. was to make curriculum mafterials 
developed by the military more .accessible to vocational ^ 
educators' in the civilian setting. . , ^ 

The oSurse materials were acquired, evaluated by project 
staff and practitioners in the field, and prepared for 
dissenjinatioit. Materials v^iich were specific to the.raLlitary 
were deleted, copyrighted materials were either 'emitted or appro- 
val for their use was' (Obtained. These coui^se padcages contain 
curriallum resoiarce materials wirich can 'be adapted to support 
vocational instruction and curriculum develc^xnent. . . 
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The National Center 
Mission Statement 



The National Center for Research in 
' Vocational Education's mission is .to increase 

the ability of diverse agencies, institutions, ' 

and organizations to^solve educational prob- 
. lems relating to individual career planning, ^ 

preparation, and progression.. The National 

Center fulfills itsimission by: 

• Generating knowledge through research 

• Developing educational prograrns and 
products 

• Evaluating indivi(;iual program ne^ds 
andoutcomes 

• Installing educational programs and 
F^roducts 

. • Operating information systems and 
services * 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT \ 

Military Curriculum Materials 
WRITE OB CALL 
\ Prooram Information Officft . ' 

The National Center for Research In Vocational 
Education 
\ The Ohio State University 
^ 1960 Kenny Road, Columbus, Ohio 43210 
O Telephone: 6tM/486 3655 or Toll Free 800/ 
cKJC ' 848-4815 within the continental U.S. 

(except Ohio) )4 
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What Materials 
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Materials Be Obtained? 
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[an actually to increase the accessibility of 
■military developed "curriculum nriaterials to 
|\a$^tional and technical educators. 

(This project, funded by the U.S. Office, of 
lEducation, includes the identification and 
■acquisition of curriculum materials in print 
jform from the Coast Guard, Air Force, 
jArmy, Marine Corps and Navy. 

lAcctrss to military curriculuni materials is 
provided through a "Joint Memoranduni of 
Understanding" between the U,S. Office of 
Education and the Department of Defense, , 

The acquired materials are reviewed by staff 
and subject matter specialists, and courses 
deemed applicat)le to 'vocational and tech- 
nical educatibn are selected lor dissemination. 

:The National Center for Research in 
Vocational Education is tho U.S. Office of 
Education's designated representative to 
cicquire the materials and conduct the project 
activities. 

Project Staff: ^ 

Wesley E. Bydke,'Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.D. 
Project Director 

O 
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One hundred twenty courses on microfiche 
(thirteen io paper form) and descriptions of 
each have been provjded to the vocational 
Curriculum Coordination Centers^and other 
instru(;tional materials agencies Jfor dissemi- 
nation. 



Course materiafs include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks apd technical 
niantials. ' 

The 120 courses represent' the following- 
sixteen vocational subject areas: 



Agriculture 
Aviation 
Building & 
' Construction 

Trades 
Clericah 

Occupations 
Communications 
Di lifting 
Electronics 
Engine ^1echanics 



Food Service ■ 
Healt(> 
Heating & Air 

Conditioning 
Machine Shop 
Management &• 

Supervision' 
Meteorology 8c 

Navigation 
Photography 
Public Service' 



The number of courses and the subject areas 
represented will expand as adc^itional mate- • 
rials with application to vocational and 
technical education are identified and sellsctefJ 
for dissemih^tion. 



* Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). Tfiey 
will respond'to your request directly or refer 
yDU to ah instructional materials agency 
closer tQ you. ' ' 
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. Unit Operation, Equipments and Special Topics^ - 
' Text Material 
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Volume ^Review Exercise 
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Surface Weather Observatioi^s "and Station 
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Organization of Materials: 
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Typ« of Instruction: 
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Unit Operation, Equipment and Speci9t Topics 
Worjcbook 

Surface l/Veather Observations and Station 
Operations 



Workbook 
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Workbook 
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Cotirs* D«scrrption 

This course was designed to^pgrade an Apprentice |sem.:^k.lledl Weather Observei* to the Weather Observer Spec.ahst (sk.lled) leyel. It conta.ns the 
basic mformatton needed for reviewplus superv.sorv information. The course is divided into four volumes with accompany.oastudenr workbooks. 



Volume 1 - 



Volume 2 - 



Unit Operation, Equipment", and Special Topics contains two chapters coverinjg meteorology, mathematics, and v^athfer 
station equipment. The first chapter deals with military career services and was deleted. The chapter on equipment 
conrains references to military codes for equipment, but the functions are recognisable in a civilian setting. 

Surface Weather Observations andStation Operations contains two chapters covering surface weathep observations and 
^ encodin'g and disseminating surface observatipns. Athird chapter dealing with station administration and supply was 
^ deleted because of references to military forms and procedures. Practice charts are attached. ^ 

Volume / - ' Weather Plotting and Communications contains three chapters covering plotting weather charts, v^ather communications 
and editing and electronic data processing. A supplemental volume of charts accompanies this volume. 
A .... * \ < 

Volume 4 - Upper Air Observations and Tactical Stations contains three chapters discussing Pilot ballbon 6bseryations. Rawinsonde 
Observations^ and Rocketsonde and Dropsonde Observations. The fourth chapter on tactical weather sets was deleted. 

Each Chapter contains objectives, read.ngsSxercises and answers for student self^tudy and evaluation. Volume review 'l''^'''''^''^'''^^^^^ 

no answers are provided. This course was des.gnecito give sor^e background and advanced information or> specific procedures used .n meteorology 

and weather observation. It would best be used in a laboratory or on-the-job learning situation. / 
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Preface- 

•» 1^ DC -2525 1. Whilur Olwnrr. fiirrfislics the informnlion ihiit ymi "need lo per* 
|j fsrinyour job nnU urprbgrcss ip the Airniiin \Vo:iili,?r Career Field. Jlie course 
consisis of foiir'voliimes: •Volume 4^ Unit dperathn. Equipmeni'md Special 

^ Topics: V\1lumo 2. Surface Weailter OhMr\'<ui<m ami Oserailons; V.olume 

3; lVeath<r Phini/tt,' ml Conhmmicalhm; un'd^Volumc 4. Ul>i/r Air Observations 

; Vt)l>lmc iH-ii throo-thiipKr voImW^hns scvernl purposes:, to revi,ew briefly ilie 
«entir;il-_inforni;itioii related lo the /ly-iiiiiii SVoallier "Ciiroer. Fiold'and to increase 
W)ur knosvlodge of basi'tMnt-ieoco(ogy''1tml tp eovenfic areas, of mathematics, train- 
maHagemeni anil ^»porvi^ion...1'nd^veatller .sialion ei|uipim?nt. tfial svill .fid you 
in your duties as a sveather obser.vvr. Cliapte/ l.of this volume describes 'the duties. 

^pf personnel assigned in this caree; fiekt wirira view towiiril poiming ouTitic intcK- 
relationships bctsveen duties. Chapter 1 it'lso di'scH-sses t|ie observ/jr laUde'r in terms 
of;rour prospective-career development^ and train i.ng. Tlic-chapier cpneludes with a 
loojc^at management and sugisiiision. •Chaptcr"2 of this .volume enlarges upon the. 
biisic principles of i«ei«)rology that you studied in the rifsident course," This cliJi'pter 
investigate^ the processes responsible for the proiUiction of the svcither elements 
t\iat you observe Stid report. Suhjv"cis und>:r\-ens"ideration include pressure systems, 
general circulation, local winds, temperature and moisture, air masses, and frontal 

»weat her effects. The last section in Chapter 2 centers iis discussion on meteorologi- 
cal tables preparation and maihematfcal calculations. To help.you study this portion 
of Chapiter 2. work the example problems and- tables given i»>flie text ns you read 
the discussion. Simply reading ihc given, numbers is not nlwiiys enough^^o under- 
stand the lhs>6ry. work the miith. liVChapter 3. you will be re&itroducedlo the sub- 
ject of weather station'equlpmcnt. such as cloud Ireiglit sets. vWbijity Sets, precipita-' 
tion gages, pressure instruments, tcmperaturc-huifiiility sets, and communications 
equipment. Thci-e is also an in-depfh iliscu.ssiyn of weather radar. 

Volume 2 discusses how surface weather, and fTidar observations are taken and 
recorded. Volume 2 also iliscu.sses. station ailmlnistratii>ftuind supply. Volume 3 
deals with weather plotting anil communieations; it also includes a brief .section' on 
the weather n<rtwork function. Volume 4 covers upper air observations and tactical 
xtatipns. on subjects such as pilot balloon.Vawinsonde. dropsondc. and. rocketsonde 

rtbservation.s, Portable and "tattical observing stations are also discussed in Vol- 
ume. 4. " • 

• Printed and bisund in the back of this volume arc six foldouts. Whenever you arc' 
referring to one of these foldouts. please turn to the back of the volume and open 
the holdout for reference 'as Voii read the text. (Code numbers appearing on figures 
do not concern you; they serve merely to. identify the figure for the preparing 
agency.) ' - 

If you have questions on the accunicy or currency of the text siibjcct matter, -or 
recommendations for its improvement., send then) to Tech Tng Cen (TTOC) 
Chunute^FB, IL 61868. ') • . 

If you have questions concerning' Course enrollment, administration, or any of " 
ECIs insiruetionnt aids (Your Key to Career Development. Study Reference Guides. 
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'Chapter Review Exercises, Volume Review K\ereise. ;iiul Ouirve FxainiiKitiim). 
consult your eUucution offieen traininii oflieer. or \C(\ ..n .ippropn.iie If he e.in't 
answer your questions, send theur to HCI. (iuntet Af n. \\, }<^\ IS. preferabK on 
ECI Form 17, Student Reqdcst^r Assisuinee. ^ . ' ^* 

This volume is valuecl ;u 30 hours (10 points). ^ 

Material in this vohune is technically *aecurTite. ad^fquate, and current as of 
September^ 1971. j • ^ 
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Volumes K 2, 3, and 4 



IMPOR! \ \ i VLikc ihc corrcciuwiN indicated in ihi% clMngc supplcmciil hclorc 
( hc^inmng slud\ ojOJjj^is cmirNC^ I InAupplcmcnl is pjinicd on one side only lo permit 

'\ui ;ind paslyfoNiing ol lenjtilu ch.uiiievin case \oujircler !o post these ehaiigCN m 
this nuinner ^ * 

( H \Si\V.S l OR THK 1 FXT: VOI.l MK I 



, " . <^ h;wigccurrenc\ dale to "April Mra." 

'•^ • * • l abellhciahleat fhciopolthcpagciofcad "table 

- Mi.scclhmeous Framing RcqinrcmcniN " 

' /. ' tMNcrt *'h>" m Iront ol "Ncrtieal/' ^.-JI^^^^" 

* - ^'^^ - ^ Add dew l»i>t sentence "btsconuruie^^^t-bulh 

readings at dr\-bulb temperature below ^5^^ 
' f-ahre^heii ' 

Changtf"AN TVIK ir'to."AN fMQ II"/ 



60 7-63 3 

"^^^ ' S>9.|^._ llthruU 



Delete sentences begmmng with " I ho two dailv 
and "You ean'sce " and replace with "lake 10 
camparison readings at iKuirly intervals I ).ito ami 
' / tune e.iL'h reading in cohimn.s 2 and 3" - 

Delete ;iind replace wjth new paragraph 

"*>-l9 Make ihi> comparison lor M) consccutise 
hourlv readings and compute the algcbriae mean 
Kelerring t*) the sample WVS l*orni Hig -J^), 
• . notice ihat the correcj^^ms are totaled and then 

entered in cohmin IPonthe 1747 I STIinc, Indicate 
^ , i*'***' <be lirst and last numbers of the eompuFison.s 

^^^^^ I" making up th^ total correction Then find 
^be mean correction Irom these two ijM|> and enter 
the rcNUIlN in column 12 The ancrfar barometer 
may nt)NN be used b> applying the Correction m 
column 12 until it is redetcrmmed the nest da\." 

7*7. «0 • 9-20 [delete and replace with new paragrapl/ 

**9-2(). Comparisons are made twice a da\ lor the 
W "<?^t 5 days at 6.hourly mter\als and at the same 

each dav. Regmning with the lirst daily 



contpanson. columns 15 and 16. 'WSS l orm J^5. 
will come mio n.sc Column 15 shows ihc tcsilUs ol ^ 
appKmg the mean corrccnon (.Col 1 2) to the 
anct'oid rc;idmg(Col \Hcr\oildo ihiv compare 
column 1-5 wHhcolamn(>,m(lcnienhcdHlcrenccin 
ci>lumn 16 hen >ou have* 20 con|.ecuii\e readings 
andnocoUimn u/enir\ has exceeded f OlOmehor 
t().3mb-hmus. \o» will consider ihe aneroid 
fcliable. Itom Urn poml. disconimuc ihc llaiK 
compansons*and begin weeklv comparisons" 

Deleie and replace wnb ncv. figure 

Deleie and replace wuh new .paragraph 

••9-21 The weekh companions jire miended lo 
^ keep ihe aneroid correcifon current When \ou 
' begin tjte rouime weeklv readmgs. redeiermine ihc 
posted correcuoVi each week bv obiaining ihc 
algebraic mean of ihe laM 10 readings (including ihc 
iwo readings (rom thai das). Lse ihis posied 
correclion (Col 12) lo appiv lo ihe readings ol ihc a 
•aneroid mMrufneni. Pigurc49 shows ihis wasdonc^ 
on 2 24. This comparison shows an mieresiing 
eonimeni. Comparisotwuimber- 22 was omiiied 
Irom'sums because inc correclion was /^.Ol-. 
exceeding ihe limii lor one reading. Corrections ihis 
larg^ Hhould be Verified immediaicl). This was done 
on our sample wiih comparison 22a ai 1210. and a 
difference of .-OOO prevailed. Turn ihc compleied 
A WS Form S^in^io your chief observ cr w ho keeps ii 
on file uniil ihe aneroid is replaced." 

Deleie and replace with new paragraph 10-21: 

"10-21. You tri;nsmit all other meteorological 
data such as pilot reports (PIREPs). forecasts 
{PI ATFs), radar weather reports (RAREPs), etc. 
on the OWS Jimit. Aficr you have prepared and 
properly inserted the tupe in the transmitters, your 
tape wiH'noi transmit until the proper bulletin is 
scanned. Suppose, lor example, that your RAREP 
IS on tape. I n this ease > ou would insert t he tape w ith 
the proper message format. This allow^i computcr 
collection of weather data in the cocitinuous polling 
mode that requires specific message formats." 
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CH.APTER 2 



Meteorology and Mathnjatics 



You. AS A WEATHER observer, are an inte- 
gral part of the weather team and contribute ■ 
the most fundamentally important element of the 
service that weathermen provide. It pillows, then, 
that a basic understanding of the elements of me- 
teorology will belter enable you to appreciate the 
"whys'* undeclying your job and how your job re- 
lates to the duties of the forecaster. If it does noth- 
ing else, an understanding of meteorology can 
acquaint you with ih^limitalions of present-day 
forecasting and to what degree the forecaster de- 
pends upon you, A far more positive reason for a 
knowledge ot meteorological principles is the in- 
tangible assistance this knowledge will give you in 
anticipating the weather conditions you wilt obseryc 
and report. 

2. ^o an observer, a knowledge of meteorolog}' 
is also necessary in order to instruct or triiin leSs 
experienced, observers. For example, under certain 
circumstances (geographical considerations aside), 
the "Convective CtOud Height Diagram" in F^- 
eral Meteorological Handbook #/ fFMH 1) is a 
valid tool for estimating the bases of cumulus 
clouds. Only a knowledge of Tnetcrology will en- 
able you to determine whether the convection cays- 
ing t^ cumulus to form is a result of heating (al- 
lowing the use of the cloud height diagram) lor is 
associated with a front (in which case the cloud 
height diagram is not valid). Practical applications 
of meteorology such as this rtiust become your 
stock-in-trade as a techhician and must- ultimately 
become a part of your overall job kaowledge. 

3. This chapter Ms designed to increase your 
knowledge of meteorology and to cover the ar^as 
of mathematics that will aid you in your duties as 
a weather observer. The first section bf the chapter 
discusses the fundamentals of meteorology involv- 
ing pressure and wind circulation, temperature and 
moisture, air masses, and frontal weather effects. 
Section 2 centers its discussion on the preparation 
andSftiterpolation of meteorological, tables. To 
begip your study of meteorology, you should first 
fluickly review the structure and composition of 
the atmosphere. 



low laye/ 
1, it con- 



5, Fundamentals of Meteorology 

5-1. The atmosphere coiisists of a shallow 
of gi^CN ihiiK surrounds the earth. As such, 
tain*^ gases in varying proportions and includes 
moisture. in»thc form of water vapor. The composi- 
tion of the. atmosphere is 78 percent nitrogen. 21 
percent oxvgen. and I percent inert gases. By 
weight, tipproximately one-half of the atmosphere 
lies^ielow the 500-mb level (18.289 feet). The 
la\crs of the atmosphere in ascending order are: 
(I) the troposphere. (2) stratosphere. (3) meso- 
sphere. and (4) ionosphere, the lower part of the 
'tbcraiosphere. The boundaries betueen^he layers 
,tuc nonuniform, and actuallv are^diffuse and diffi- 
cult to idcntif\ because of the ui^equal distribution 
of atmospheric pressure and temperature. * 
' 5-2. Two important characteristics of the at- 
mosphere to keep in rnind are:. (I) temperature 
normally decr(;ases with an increase in altitude.' 
and ll^ the amount of water vapor that a given 
samplcof air can hold is a function of the temper- 
ature — that is. warm air is better able to hold 
water vapor than cold air. Though water vapor ex- 
Jsts as a small and variable amount ofthe total at- 
mospheric gases, it is one of the niost important 
chses when it comes to **weather.'' Water vapor is 
important not only because it is the raw nstoterial 
for douds and r:un. but also because it serves as 
one of^ the regulators of the earth's temperature.' 
Without temperature regulators, our earth would 
continue to get warmer. Then how is'^he tem.pera- 
ture balance maintained? To answer this question^ 
we must investigate the pressure and wind circula- 
tion of our atmosphere. 

5-3!* Pressure and Wind Circulation, All 
Iwpeather phenomena are basically the result of the 
unequal distribution of solar heat acting upon the 
earth and it> flu^tf^envelope. the atmosphere. The 
spherical shapejtjf ihe earth influences the amount 
of heat' reccivcyrf t(y* the earth at the equator, the 
midlatitudes, artd at the poles, Sjnce we know that 
the net hcatrloss and gain for the earth and atmos- 
phere as a whole are maintained in a state of bal- 
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1* ance, there must be a latitudinal trans^r of lieat. 
To maintain this balance, the atmospijere con- 
stantly undergoes changes to compensate for the 
unequal heating. -^This constan; change and move- 
ment of huge masses of thq atmosphere is known 
as the general cirailation, 

5-4. General circulation. The circulation of the 
air would be very simple if the earth's surface were 
smooth and uniform and the earth were station;u-y. 
Movements within our atmosphere would have^^o 
be caused by pressure or density differences from 
one place to another. Since the earth does rotate, 
the effects of rotation and coriolis upon the gen- 
eral circulation must be considered. The "three- 
cell theory" of circulation best describes these 
effects. This theofy divides the Northern and South- 
ern Hemispheres into three latitudinal belts of 30^ 
each. The boundaries of these three cells are the 
Equator, 30^ (north and south), and 60^ latitude 
(^orth and south). For our purposes, we can con- 
fme our discussion to the three cells in the r^orth- 
ern Hemisphere. The rotation of the earth causes 
the coriolis effect by deflecting a moving particle 
to the right in the Northern Hemisphere. The flow, 
of air from the middle latitudes (30^-60°) toward 
the pole would, therefore, be deflected to the right 
(east) and become a westerly flow, while flow 
from the pole southward (0''-.60°) would become 
an easterly flow. The^circulation is more complex 



than this initial deflection woqid imply, but the 
basic flow pattern can be broken down into three 
distinct circelation cells as shown in figure 6. 

5-5. The first cell is formed by the warm air 
rising at the Equator and fl9wing north. As the air 
moves north, it is deflected to the right by coriolis 
to become the upper westerlies. While the air 
moves north, it cools, and by the time it reaches 
30® north, a portion of this air is cool enough 
(dense enough) to descend and form an area or 
belt of high presc^ure at 30"^ north. Remember, 
only a portion of the air descended. The remainder 
continues to move northeasterly (because of cor- 
iolis) until it reaches the pole. At the pt)le, the air 
descends, cai&ing another area of high pressure 
and then begins to flow southwfird. Coriolis force 
is greatest at the poles, anci the southward flowing 
air is deflected greatly to the right to become east- 
erly flow on the surftice. while the wind, at upper 
levels continues to ^e westerly. (The wind at » 
upper altitudes from the Equator to the pole is' 
NYesterly.) At 30^ north- the sinking copl air di- 
vides to flow both north and south at the surface. 
The air flowing southward, deflected by coriolis, 
becomes the northeast trade winds between the 
Equator an4 30"^ north. The air flowing northward^ 
of 30® is also deflected by coriolis, and being 
closer to the pole, the deflection is greater. There- 
fore, the air aloft and on the surface is westerly. 
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Figure 6. Thrcc-ccl! theory of circulation. ] 
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Figure 7. Tlic monni.iin brccw. 



5-6. \Vc have now briefly discussed the general 
circulation and its development. The three-cell 
theory of circulation coincident with Ihc.devel- 
opmcnt of scmiperimnent pressure systeil^. These 
pressure systems afH: developed through the cellu- 
lar circulation iind arc found in nearly the same 
regions at all times of the year, undergoing sea- 
sonal variations in position and intensity. 

5*7. Semipermanent pressure systems. If land 
and water masses were uniformly distributed upon 
the earth's surface, these pressure systems would 
be les^ubject to cimngc and could then be more 
justifi|Dly called "pcrmanentj* Tlie unequal distri- 
bution of land and water masses and their differing 
heat absorbing and radiating properties, however, 



caunc x\ sCtisonal vari.ation in the position and in* 
icnsiiv of those s\ stems. In the Northern Hemi- 
sphcro there arc three .yfmpermancnt high cells 
and two scmipcrmaneijr low cells. The centers of 
thc^c s>sicms \ar> geograplucallv from sunmier to 
winter, 

5-H. riie names of the liigh-pressurc cells are 
the Bermuda' High (Atlantic Ocean), Siberian 
High (Central" Russia)/ and the Pacific High 
(whith covers most of the central Pacific Ocean). 
The low-pressure cells are the Aleutiim Low 
(Northern Pacific) and the Icelandic Low'^(North- 
crn Atlantic), the high-pressure systems (except 
the Siberian High). arc morcttlominanl in the sum- 
mer, and the low-pccssure s>stcms dominate in the 




Figure 8. The valley bre<?35e. 
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winter The interaction of these hirgc-scalc scini- 
pcmianent systems- cmcs the formation of lesser 
high- and low-pressure systems that move with the 
prevaiHng windflow as influenced by the general 
circulatioiv. « 

' 5-9. Mitfratory pressure systems. Since the mi- 
gratory systems gei.ierall) move along in accord- 
ance with upper level flow, they aocouni for a far 
greater iimount of heat exchange than do the semi- 
permanent systems. These moving systems bring 
the bad and good wcathcr^that is usually asso- 
ciated with low-pressure and liigh-prcssure areas 
respectively. , A later discussion explains the 



weather patterns associated with these migratory 
pressure s\stems. We know that the physical char- 
acteristics of the earth do not iiffect the upper level 
winds, but (hey do have a definite effect on the 
surface and lower level winds. The rough surface 
and land'Water temperature differences produce 
local winds that, in many cases, mask the general 
circulation winds. 

5-10 LiHol winds. The liKal winds consist. of 
such winds and patterns us land and sea bree/es. 
mountain agd valley bree/cs. and the forced-circu- 
laiion type winds I'hcsc latter winds occasionally 
have local names such as Santa Ana. bora, chi- 
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Fijjurc y. Land nnd sea breczw, 
25 



nook, fochn, and otlicr?;. Most local winds, white 
ihcir names li^o numerous! fall into four c.Uego- 
_rics. Tlicy are local-cooling. K)caMicating, adjacent 
local-heating and^ cooling, and the forced-circula- 
tions. Each of these types may ho illustrated b> a 
typical example. In figure 7, the local-coohng t>pe 
wind i'^ the mountain breeze. At niglrt. because of 
radijHional cooling, the air in . contactMvith the 
mounta^|h^lopes becomes colder and den>cr than 
the surrounding air and sinks along the slopes. 
Even when the mountain bree/.e is well devefoped, 
it rarely exeeed.s 12 to 15 knots. Figure 8 shows 
the local-heating type wind culled the valley 
brc^e. Sunlit mountain slopes ;md the air next to 
the .slopes arc usually warmer than the surround- 
ing air during the day. The air in Contact with the 
slopes becomes lighter than ihc surrounding ^air 
and rises up the slopes. This is called a valley 
breeze because it flows up and out of the valley. 
The valley breeze is usually stronger and better de- 
vclopeu inau mountain breeze,, ant} reaches its 
maximum speed at niidaitcrnoon, 



5-11 The land and-sea bree/es illustrate the 
adi.ucnt heating ,ind cooling t\pe wind, as shown 
i\\ hgurc Since l.uid masses absorb and radiate 
heat .it »i r.itc three times more rapidly than w,itcr 
nittsscs. the land is warmer (han^hc water during 
Ihc <L\ and.citldcr ^it night. Along a coast oi 
slu)ichnc. *'sc,i brce/cs*' (coming from the sea) 
would be expected in the afternoon. Increased 
icnipcraturc of the land causes hot ,iir to rise over 
d. Then ihC' cooler air iHer the water flows l.tnd- 
ward to take its place, At night, the sjstem re- 
verses itself to produce* "land i)ree7>cs.*' t he now . 
ciH)lcr land produces a cool breeze to flovv out 
o\er the warmer w.iter. The land breeze is best de- 
veloped jUst before d,iwn. This entire pattern de- 
' pends on the f»ict that water warms and cools 
nuuli slower than land, tjie sea breezes reach 
ni.jvimum velocit) between 1400 and 1600 local 
time sinee ftlres are usuallj^ \trongcr than land 
brcc/cs. tWcj penetrate 'inland as far as 25 to 30 
the 
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land and sea breezes are shallow in 




Figure 10, Tlw Chinook wind. 
26 




Figure ! I. Mouniain wnvc. 

5-12. Forced-circulation winds arc those inten- 
sified by terrain, usually mountain ranges. Two 
forced-circulation winds arc the ''mistrar' and the 
"bora." Both are cold fall (downslopp) wmkU (hat 
remain. colder than the air they replace in the low- 
lands. Extremely Strong and ftusty. thvy often 
cause considerable damage. The "mistra.r' pours 
down from the highlands and intensifies as it fun- 
nels through the valleys. It is most violent in win- 
ter and spring, usually lasting for several days, 
sometimes with short lulls. These winds are found 
wherever there arc highlands that lend to trap cold 
^ air. but derive their name ffom such winds that de- 
velop in southern France. Speeds often exceed 60 
mph and reach 80 mph in the lower Rhone Valley 
of France.' The "bora" is the local name of the fall 
wind along the const of Yugoslavia. Cold air 
crosses the moanlains and pours dowji otuo the 
waters of the Adriatic Sea. It is very s{rong rtnd 
sometimes has. squalls that may reach 100 mph or 
more. Wlicn the bora occurs in conjunction with 
cyclonic (counterclockwise) circulation, there is 
considerable cloudiness and rain over the low- 
lands; but when the flow is aniicyclonic (clock- 
wise.) » the skies are cloud free. ^ ^ * 

5-13. The "foehn" wind, called the •*chinook" 
in North America, is. a warm. dry. downslopc 
wind. Figure 10 illustrates the Chinook wind. The 
air rising on the windward side of the mountain 
cools and loses its moisture content through con- 
densation. Continuing over the crest of the moun- 
tains, the dry nir descends the leeward slopes. This 
downslopc motion causes compression and subse- 
quent heating of the nir: thus, a dry, warm wind 
blows down the mountain. A chinook wind may 
raise the temperature by as much as 30"* Fahren- 
heit inmst a few minutes at stations located at the 
base &^hc mountains. On the leeward side of the 



mountains, the air is clear and dry. On the wind- 
ward side, clouds build up and rain occurs in what 
is called the "foehn wair* or/*chinook arlh.*' ^ 

5-14. A special type of fochn wi^ develops 
when very strong flow occurs perpendicular to the 
mountain range, and when the wincjspced in- 
creases rapidly with altitude. Tliis conditioii also 
causes the formation <^f the moumain.w^^vc condi- 
tion. Figure 1 1 shows the air flow and associated 
clouds with a mountain wave. The air flows fairly 
smootii ^vith a lifting componcnt'^as it moves up the 
windward side and gradually increases, reaching a 
maximum near the peak of the mountain. On pass- 
ing the peak, (he flow breaks down into a compli- 
cated pnttem with downdrafts predominating. 
Continuing downwind. 5 to 10 miles from the 
peak, (he jirflyw begins to ascend as part of a def- 
inite wave pattern. Additional waves, generally 
less intense than the primary wave, may form fur- 
iher^downwind. 

5-15. Characteristic cloud types, peculiar to 
stave action, provide the best me.ins of visual idcn- 
(ific;mon. Althou^ih the lenticular clouds in, (he il- 
lustration arc depicted as being smooth in appear- 
iincc. they may be quite ragged when the airflow at 
their level is turbulent. Jhc^e clouds may form sin- 
gularly or in layers at heights usually above 
20.000 feet. Thc'**roll" cloud forms at a lower 
level, generally about the height of the mountain 
ridge. While clouds arc generally present, it is pos- 
sible for wave action to take place ^vhen the air ii 
/ too dry to form clouds. 

5-16. .Thus far in our discussion, primary em- 
phasis has been toward the pressure and wind cir- 
culations of the atmosphere. As wc mentioned 
licr. before there can be any movement of tnc 
^ atmosphere, there must be differences of pressure 
or density. These differences are brought about by 
temperature variations (one of the important basic 
causes of weather). 

5-17. TempcriUuro uiid Molstua*. Every phe- * 
nomenon occurring in the atmosphere that we caH 
weather is the result of differential absorption and 
rcrjjtliation of solar energy, as well as the availabil- 
ity of moisture. Heat and temperature are closely 
related terms, but heat is an energy quantity, 
while temperature is merely a measure of heat. * 
The main source of heat m the atmosphere is the 
insolation from the sun. Moisture is added to the 
atmosphere by evaporation from the surface of the 
earth. Next, review the methods by which heat is 
transferred and (he processes that lead to precipi- 
tation and the subsequent return of moisture. 

5-1 8. Heat transfer. The earth receives its heat 
from the sun, then rergdiates it into the atmo.s- 
phere and space, This process preserves the heat 
balance of the earth and its atmosphere. There are 
four basic methods of heat transfer: radiation, 
conduction, advcction, an J convection. 
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5-19. The curth receives heat from the sun in 
the form of ^IwrMvave rmliauon,\T\\c gnscs in the 
atmosphere, including water vapor, are \irtualJ\ 
transparent to short-wave radiation. Although the 
rcfleetivity off the cloud tops is sueli (hat ;i con- 
siderable amount of solar radiation i^ prcvcnicJ 
from reaching the eonh\s surface, a substantial 
amount passes through the clouds. The short-wave 
radiation is absorbed b> the earth during the da) 
and then reradiatcd into tfK^itmosphere In the 
form of lons'^wavt" radiation aNii;»ht. The lower 
layers of the atmosphere absorb iuu*f?of the earth's 
radiation, leaving less to be absorbed at higher al- 
titudes. Therefore, absorption of the earth's 
long-wave radiation by the atnuSphcre traps (for 
a time) some energy that vVould tflhcrwise he 
i quickly lo^t to space. As (he waler vapor and 
clouds absorb the long-wave radiation, part of it is 
rexadiatcd back to earth. This absorption and rera* 
diation by wa^r vapor and clouds establishes a 

V'*grecnhouse effect" (discussed following the other 
methods of hear transfer). As mentioned earlier./ 
tlie air \%our atmosphere is heated primarily from 
latif' contact with the warm surfaces of the' earth. 

5-20. Heat transftr l^' conduction rec|iiires di\ 
, reet contact. On a sunny day the carth\s surface is 
hcatcckby absorbing radiation. After the earth's 
temperature becomes higher than that of the sur- 
rounding air. the air in contact with the earth is 
warmed by conduction. At night the process is re- 
versed. The earth is cooled rapidly by terrestrial 
radiation, and the air in immediate contact with 
the ground is cooled as the air gives off^some of its 
' heat by conduction to the cooler e*irthrRemcmbcr 
that air is a poor conductor of heat. For this rea-'' 
son the temperature of the air lags behind that of 
the earth and changes less. The poor conlluciion of 
the air and its slow lo.ss of heat explains why 'frost 
caibfoccur on the ground when the free air temper- 
ature nt standard observation height is considera- 
bly above freezing. 

5-21. During heat conduction^&^ conducting 
mass docs not move. Advecti^^uTnoconvcction re- 
quire mass movement to transfer heat. K.veept for 
< the direction of movement, advcction and convec- 
tion are essentially alike. Advectlon refers to the 
horlpnlal jransport'of heat, such as by wind or 
wof|it^fie Gulf Stream provides a good example 
. of advcction bringing warm Caribbean water to 
the cold North Atlantic area. Convection, on the 
^ other hand, refers to the vertical transport of heat. 
A forest fire, for example, sends great volumes of 
hot air aloft, thus warming the atmosphere to some 
degree 

5-22.' Convection is of consiclcrable significance 
in the transfer of heat. As the air is heated near 
the carth*.s surface it becomes less dense atul rises. 
While rising, the air cools to the point where the 
water vapor condenses into visible droplets (a 
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cloud formation). Since water v.ipor plays such an- 
important p.irt m maini.uning our he.a balance, we 
should not consider the prcv lousK mentioned 
"greenhouse effect.'* ' * 

5-23. Gnrnliottsc cifaf W.ttcr vapor mul 
cli>uils .ihsorb r.uli.iiion on .i sclccti\e basis. The^ 
absorb .i greater amouiu of long-sv.iv^ r.idiation 
th.m short-wave r.ulialion. After some experience 
ill weather observing, \ou \^l find that .m over- 
Ciist clou^l la\cr has the effect of niinimi/iiig the 
niaxinuim temperature during tlie d.iy and modcr- 
.tting'the minimum temperature during the m^tit, 
The feison (or this is that (he-cU*uds and w^ter 
\.ipor .lei in much thv* s.uni^* vvay as the glass in a 
grcv'nhiiuse. Part of. the long-wave radiation emit- 
ted by the eirth is absorbed, reradiatcd. and re- 
flected by the clouds. The earth absorbs this radia- 
tion .md reradiates it a^Mln. the process continues. 
The result of the greenhouse all^ct is a higher av« 
cragc femperature on cloUdv nights, and hence, a 
%m.illcr probabilitN of fog. The ability lif waiter 
va|H)r to absorb and emit long-wave r.ulialion is<)f 
primary importance in maintaining the earth's 
teinper;i)ure b.ilance But if these f.iets are v. did. 
yr how d«Ks * water v*ipor gel into the atmosphcic* 
504^. Evaporation, KVater vapor is .iciiuired !)s 
7)k atmosphere t4irough evaporation., over lakes, 
rivers; ocems. and even snow. The cvapor.ttion 
process isjhe physical act of changing thestate of 
water from a liquid to a gas. This change of state 
requires a large amount of heat. Just as the evapi>- 
ration of perspiration cooLs the humaii body, so 
dc^es the evaporation of water into the air cuol the 
surrounding area. This might be noted by .i change 
in the .Ur lemperaiure in thcMimmer as you ne.ir j 
body of w.iier. such as a large river or Like Ev.ip* 
or.ition. then, could be considered a cooling proc- 
ess, 

5-25. Obviously.-the air cannot coiuinuc to ac- 
cept water vapor without being changed in some 
way. The amount of evaporation ihnr will take 
place depends upon how much water vapor the air 
^iin hold which is, in turn, directly dependent upon 
-dm air tcmpcniture. \V)icn the air contains all ijf 
>^ie. water vapor it is capable of holding, it is said 
to be saturated ( 100 percent humidity). Saturation 
of the air occurs by two basic methods: (I) the 
c'.aporation process continues until the air. at a 
constant temperature, will hold no more water 
vapor or (2) the temperature is decreased, and the 
Ciipacity decreases accordingly until the capacity 
will not equal the actu.il .imounl of water vaporin 
the .iir. simplify an explanation jtf these meth- 
ods, we ean say that air may be saturated by the 
addition of water vapor or by cooling it. Remem- 
ber that the process of evaporation is a cooling 
process; that is.^'heat is drawn fro'm the titmos- 
phere When the reverse occurs (condensation), 
this heat is returned to the atmosphere 
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' .5-26. Condensation, Once the air reaches satu- 
ration, ^nyJufthcra.cWj^ion of moiiitufr-caus^^^ this 
- excess .water vaffor to 'condeiise into visible mois- 
ture. This process (called condensation) accounts 
for the removal of most of the water vapor in the 
atmosphare. The most common forms of visible 
moisture are clouds and fog. Although the addition 
of water vapor to the air can produce saturation 
and condensation, saturation and condensation arc 
^ reached most frequently by cooling the air. This 
" cooling may occur from the air passing over a 
colder surface (advcctioip.; by the air being lifted, 
such as being forced up a mountain (adiabatic 
cooling); or by' the ground beneath the air cooling 
at night by radiation and thereby cooling the lower 
layers of the air by conduction. This latter situa- 
tion most frequently produces fpg rather than 
clouds. With anincrease iiT the wind to 1 5 knots 
or more, this f^fmay rise and become a layer of 
stratus clouds. While condensation accounts for 
most of the release of water vapor from the air. 
there ^re conditions where condensation will not 
occur. 

5-27. Sublimation. With temperatures below 
freezing, the water vapor niay change directly 
from a gas to a solid, j^oducing frost, snow, or ice 
fog.: This process (caf^erf sublimaUon) work's in 
both directions. Water vapor may jget into the air 
directly from frost or snow, as in the case where 
the snow jiist seems to disappear without melting. 
Water vapor may also be removed from the air by 
changing to frost or snow. Cirrus clouds ^arc 
formed by the sublimation process .when water 
• vapor at high' altitudes changes to ice crystals. 
I 5-28. Now that we have discussqd how the 
earth's temperature and mositure balance are 
maintained, we should investigate the influence 
that temperature and mositure have on the devel- 
opment and modification of airmasses. 

5-29, Airmasses* An airmass is a large body of 
air having about the same horizontal temperature 
and moisture properties. Frequently, in certain, 
geographical areas, in ^airmass will haveMittle or 
no^tendency to flow toward another area. Such an 
airmass^ is, in .effect, stagnant. IP this period of 
stagnation extends over long periods of time, the 
airmasX acquires the 'temperature and moisture 
properties of the underlying surface. These proper-' 
ties depend upon the physical and geographical 
nature of the underlying surface. By the time1;uch 
a change has been completed, an extensive portion 
of the airmass has become the same throughout, 
and its properties are more or less uniform at each 
level. I 

, 5-30. The regions in which airmasses .are 
formed are called source regions. The source re- 
gion is the essential factor determining the individ- 
uabproperties of the airmass. The ^epth and prop- 
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ertiej that an* airmass assumes depend on th^ 
length of time it remains over the source region. 
Other factors that determine the eventual charac- 
teristics of an airmass are; (I) the characteristics 
of the surface over, which the airmass travds after 
leaving the source^egion, and (2) the length of 
time that the airmass has been away from the 
|Durce region. 

5-3 L To fulfill the requirements for a gopd 
source region, an area must have a fairly uniform 
surface; uniform temperatures; and preferably a| 
area of high pressure where the air has a tendency 
to stagnate. Many regions of the earth do not fuf- 
fill these requirements. For example, most midlati- 
tude regions arc too variable with respect to 
temperature, because of the almost continuous in- 
trusion of airmasses from the north and south. On 
the other hand, large snow or ice-covered polar re- 
gions, tropical oceans, and large desert areas ade- 
quately fulfill source region requirements. 

5-32. Classification and characteristics. An air- 
mass forming over the polar ice cap would have ' 
different properties from one forming over the 
tropics. To indicate this difference, each airmass is 
labeled according to its source region — "T" (trop- 
ical), ^'A" (arctic), ^T" (polaj), and "E" (equa- 
torial). They carr be further classified according to 
moisture content; "c" for continental (dry) and 
''m" for maritime (moist). When the airmasi 
leaves its source region and moves over a surface 
that has a different temperature, the airmass is 
then classified as either warm or cold, relative to 
the surface beneath it. That is,' if the airmass is 
warmer than the underlying surface, it is charac- 
^terized as \yarm. A cold airmass, of course, is one 
whose temperature is colder than the underlying - 
surface. 

5-33, The letterdesignatorfor-a warm airmass is 
"w" arid for a cold airmass, *'k." Another Igtter is 
used to indicate whether the zftrmass is stable(s) » 
or unstable(u). Just as the initial classification's 
based upon properties acquired in the source re- 
gion, later classification depends upon the degree 
of change that the airmass undergoes rJs it moves 
from one region to another. The amount of change 
depends upon {he type of surface, its temperature 
relationship with the airmass, the trajectory of the 
airmass, and the time elapsed since the airmass left 
itS(Source region. Airma$s properties are encoded 
in a specific order. For example, cPku (as desig- 
nated on charts and diagrams) is a dry /c), cold • 
(k), unstable (u), airmass from a polar (P) 
source region. Note that the little letters arc the ^ 
airmas'^roperties and that the capital lefter is for 
the source region. 

5-34. The weather conditions within an airmass 
depen^ upon the temperature and moisture prop-, 
erties acquired in the ^ource^ region and the extent 
to which they become modified as theji move out 
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of the source region. You should note whether the 
qirmass is cold. warm, moist, etc. When we speak 
of ah airmass. just exactly what do wc mean? Spe- 
cificallv, we mean a large body of air between two 
frontal' s\-stems. For the most pSfrt. this is a large 
high-pressure system. The low-pre.ssure system 
and frorit4s merely an interaction between the two 
airmasscs. The circulation around a low is cyclonic 
(or counterclockwise) and anticyclonic :>round|i 
high (clockwi.se). It is from this terminology thht 
we get the names "cyclones" (lc(ws) ;>nd ":intic\)- 
clones" (hiehs). Unstable conditions and poor 
weather usually exist with cyclones: whereas, sta- 
ble conditions ;ind good we;ither usu;illy prevail 
with anticyclones. Low-level subsidence inversions 
(an increa'se in temperature with height) generally 
occur in connection with cold anticyclones. When 
this type inversion occurs over an indu.strial area, 
it suppresses vertical development in the lower lay- 
ers and traps dust, smoke, ;ind haze particles, 
which markedly reduce the surface visibility. 

. 5-35. In the resident course you learned .the 
tvpicSi^eather conditions associated .with the 
major airhiasses and how they might affect the 
weather at some particular location. Now it is part 
of youn'Ob to be familiar with (1) the airma.sses 
that predominate at your station, (2) the modify- 
ing influences these airmasses undergo in traveling 
to your station. (3) the weather to expect from 
them, and (4) their future movements. 

5-36. The Terminal Forecast Reference file fofe 
your station contains discussions o/ the various air- 
massis that affect your station. These discussions 
are concerned with the particular recurring synop- 
tic situations and their associated weather patterns. 
• By reviewing the file periodically, you ^ould be. 
able to classify the airmasses that move inter your 
area and therefore be prepared to determine the 
general weather conditions associated with each 
tvpe. Some of the effects that movement will have 
on an'airmass. and the factors that may change the 
characteristics of an airmass will now be discussed. 

5-57. Airmass modification. The modification 
of weather conditions within an airmass depends 
upon the changes in temperature, moisture, and 
stability. The trajectory of the airmass influences 
, the modification of these properties. Most often. 
Changes in temperature, moisture, and stability 
occur simultaneously, but not necessarily of the 
same degree. These changes depend upon the 
physical natur* of the underlying surface. As the 
airmass moves from its source jegion. it wiU'slow-ly 
acquire the temperature and moisture characteris- 
tics of the new areas over which it passes: A cP 
airmass. for example, moving over a large body of 
water, picks up moisture from evaporation, and is 
thus modified to mP. Also an m? airmas.s moving 
inland over mountains is modified by losing its 



moisture because of adiabaiic cooling afid becomes 
a cP airmass." 

5-38. As the airma.s;; moves, the thermal sym^ 
bol must change in relation to the surface oyer 
which it passes. The thermal symbol is relative 
' only I'o the surface over which it is passing. Heat- 
ine'from below develops an ^instable temperature 
lap^e rate because the air 'at the higher levels re- 
mains rnihuively cool in comparison ^th the lower 
levels. An unstable temperature lap^e r.itc ij a^>o.- 
ciaied with turbulence and convection: ;/nd. if 
clouds formed; they would be of the cumulus tNpe. 
.Visibilitv would be' good bccau.se turbulent mixing 
disperses the smoke and haze-, and prevents the 
formati<^n of fog. When an airmass is cooled from 
below, it has a stable lapse rate and the clouds :ire 
a stratus type. Visibility could be restricted by fog. 
smoke, or haze. 

5-39. So far we have been concerned niainh 
with uetting acquainted with how airmasses come 
into being, iheir different hpcs. and modifications 
ihev undergo as they move over the earth's sur- 
face. Now.^ before discussing frontal weather ef- 
fects wc briefly review some of the more important 
points concerning airmasses and- their. associated, 
weather. / 

5-40. Some of the points to keep in mind are: 
a. The advection of cold air over a warmer sur- 
face .gradually increases the temperature of the- 
cold air and makes it unstable. 

/;. The relative humidity of air increases as the 
air cools. If marked cooling resulting from liftmg 
occurs, the air may become saturated; clouds -and 
precipitation are thc.usual result. 

' c. Turbulence, vertical air currents, cumi^iforni 
clouds.* shower^ precipitation, and good visibilit> 
(except in showers) are usually aSbOciated-wHh 
, ^ unstable air. , 

(i Ascending air currents (convection) are pro- 
duced by the heat the air receives while it is in 
contact with a hot surface (conduction), by Mir 
being forced over mountains (orographic lifting), 
or by warm air being forced over colder air. 

e. The advection of warm air over a colder sur- 
face decreases the temperature of Ihe air and 
makes it stable. 

/. Smooth flying weather, stratiform clouds, and 
poor surface visibilities are usually associated with 
stable air. / 

.g. The relative humidity of air decreases as the 
air is heated. For this reason, clouds generally dis- 
sipate in descending air currents because the air is 
heated by its descent. 

h. Airmasses acquire water vapor by evapora- 
tion from underlying water masses. 

/. The water vapor content of an airmass is re- 
duced by precipitation. 
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/. Mountains' valleys, and water masses modif\ 
thoieinperature and humidity of (he airmnss over 
a given locality. 

5-41. The weather associated with the different 
types of airmasses is the predominate weather <h:it 
%you will observe at your station. Frojital weather is 
more speetdcular and quick-changing than airnui^s 
weather and for this reason requires close investi- 
gation into the associated weather pattern*; of ihe 
different frontal types. * 

5-42. Frontal Weather Effects, The we'Jither 
associated wjth fronts and frontal niovei^ent is 
called frontal weather. It is more complex and vari- 
able than airmass weather. The type oi intensity 
of frontal weather is deteVmined largely b\ such 
factors as the^ slope of the front, the water' vapor 
content ancHtability of the airmass;s. the speed of 
the frontal movement, and the relaiivv /notion of 
the airmasses at the front. Because of the variabil- 
ity of these factors, frontal weather may ranee 
from a minor wind shift with no clouds or other 
visible w^^the/ activity to severe thunderstorms 
accompanied by low clouds, poor visibility, hail, 
icing, and severe hjrbulence. In addition, the 
weather associated with one section of a front is 
frequently quite different frpm thai m other sec- 
tions of the same front. The reason for this is that 
the boundary between two different airmasses is 
not a sharp wall. Instead, there is a zone of transi- 
tion Cre.^erred to as a zone of discontinuity) which 
is often many miles wide. This zone is customarily 
eaUed the frontal surface, or merely a front. 

5-43. Since the airmasses separated by a front 
have different temperature and water vapor char- 
acteristics, they aNo.h<rve different densities: When 
airmasses with different densities adjoin, the den- 
ser air slides (wedges) under the Jess dense air. 
Conversely, we find that the less dense warhi air 
slides up^over the denser cold air. As a result, the 
frontal surface is sloping. The steepness "of the 
slope is measured ns the angle between the earth*s 
surface anld the frontal surface. 

5-44. Discontinuities in airmass 'properties :md 
characteristics, such as temperature, water vapor 
content, wind, eloud types, and pressure changes, 
are used to locate and. identify fronts and to trace 
their movements. Ooc of the most casil> recog- 
nized discontinuities across a front is temperature. 
.At' the earth's surface the passage of a front Is. 
usually characterized by a noticeable change in^ 
temperature. The rate and amount of the change 
are partial indications of the intensity of the front. ' 
Strong fronts are' accompanied by abrupt :md size- 
able temperature changes, while weak or diffuse 
frortts'are characterized by gra'dual ,or minor " 
changes in temperature. ' * 

5-45. Near'the earth's surface, the discontinuity 
of^wind across a front is primarily a matter of a 
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change in direction. Windspced is often very much 
the same on both xidcs of' a front. In many cases 
there may be a change in windspced across a front, 
although the wmd.speed-car> increase or decrease 
after the frontal passage. ^Although there are dif- 
ferent types of fronts, the frontal discontinuities 
are common to all of them. These next few para- 
graphs diseu-ss each type of front and its associated 
weather phenomena. 

15-46. Cold frotm. A cold front is a front whose 
motion is such that cold air displaces warm air at 
the surface. Cold fronts usually move faster and 
.have a steeper, slope than.^arm fronts. The cold 
fronts that move very"fapidly have verj- steep 
slopes in the lower levels and narrow bands of 
clouds that are predominantly just ahead of the 
front. The slower moving cold fronts hive less 
steep slopes, xmd their cloud systems may extend 
far to the rear of the surface position of the fronts. 
Figure 12 shows the differences in frontal slope 
and. the tvpe and extent of weather wijh the fast 
and slow-mpvinj; eold fronts. The weather and 
clouds associated with the slow -moving cold front 
may extend for hundreds of miles behind the sur- 
face front. After passage of the slow-moving cold 
front, yon should expect to have ceilings and visi- 
bilities that improve very slowly.. By the sariie 
token,- with the passage of a fast-moving eold 
front, the visibility aad ceiling^mprove rapidly. 

,5-47. When the warm air ahead of a cold front 
is ij^st and stable. The clouds are predominantly 
stratiform fnimbostratus. altostratus. eirrostratus) 
with moderate precipitation (slow-moving cold 
=front). However, when the warm air is moist and 
unstable for has a tendency to be unstable), the 
clouds arc prcdominanth eumuliform. and precipi- 
tation is in the form of tnoderate or heavy showers 
(fast-moving cold fn.nr). A line of thunderstorms 
freqijcntlv develops jlonc a fast-moving cold front 
that4s displacing warm, moist, unstable air. Some- 
times, under the^e conditions, a litic of strone 
convcctivc activit)' is projected between 50 and 
200 miles aheadTif the front and roughly parallel 
to it. If this develops into a line of thunderstorms, 
it IS called a squal! or insiabilit> line. On the other 
hand, when Iht* w.ivu) air is very dry. littje or no 
cloudiness is assoeidtcd with a cold honL ^ 

sM8. When the cold air behind thcHriint is 
moist and Srtable. a de^of stratus clouds and/or 
fog may persist for sonic time after the frontal p:us- 
sage. Similarly, when the cold air is mol^t and 
ynsrable. cumulus clouds and showers may occur 
for some time after the frontal passage. When the 
cold airmass is very dry. clouds are generally not' 
toiind in the'cold air. 

• 5-49. At the surface, a cold frontal passage is 
characterized by a temperature and dewpoint de- 
crease, a wind shift, and. on occasion, gdsty winds. 
The weather assfipiated with cold fronts is more 
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Figure 12. Fast and slow moving cold fronts. 
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concentrated (m a narro\\-cr band) than that asso- 
ciated with warm fronts This often presents more 
serious flying hazards than those associated with 
warm fronts. 

5-^0. Warm fronts. A warm, front differs from 
a cold front in that the associated weather pattern 
• is more extensive with the w^irm front. The cloudb 
are more stratified, and the precipitation is of a 
continuous nature. As mentioned earlier, the slope 
of a frdnt is usually a good indicator of the tvpc of . 
weather that may occur with a particular front. The 
shallow slope of the warm front causes the warm 
'-air fo: gradually overrun the cold air. The more 
gradua] the overruning. the greater rhc stabilit\ of 
the airmass being forced aloft. Figure 13 ii> a sche- 
matic diagram of the warm front and its associated 
wejrther that occur in unstable and stable air. 
. 5-51. Jn figure 13, notice" that the associated 
clouds are predominantly su-atiforni and appear in 
the following sequence with the approach oL a 
warm front: cirrus, cirrostratus, altostratus, and 
nimbo^ratus. The only difference in this sequence 
IS- when the air is unstable. Then there can be cu- 



mulonimbig clouds im'bedded within the su-atified 
cloud system and produce showers instead of con- 
tinuous precipitation. ^ M 

5-52. Occluded fronts. The examples we have 
looked at and discussed, involved the passage of 
both a. cold front and a warm front. However, 
there are other possibilities of. frontal configura- 
tions. These other configurations -are variations of 
the cold and warm frontal structures, and include 
what we call occluded fronts. 

5-53. If the air behind the cold front is colder 
than*thc, air ahead of the warm front, the occlusion 
is ucold front occlusion. In this case^ the' advanc- 
ing cold front remains -on the surface and forces 
the warm front and warm air aloft. As the process- 
continues, the surface vVarm front becomes an 
upper warm front. This type occlusion occurs in 
the central and eastern parts of the United St^es^ 
Figure 14 is a cross section of a cold from ^occlu-:, 
sion depicting, the typical weather and associated ' 
cleyd patterns. 

5-54. In the warm front occlusion the cold air 
ahead of the warm front is colder than the air be- 
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Figur^ 13 Stable and unstable warm fronts. 




"^he cross section of the cold front 
occijsion *hown below occurs at line Aa' 
in the weather map at the left. 
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Figure 14. Cold front occlusion. 



hind >he acbancing- iAJd front. AVhcn the cold front 
oven.tkcb the v,.irni front, the cool (Ic^s dense) air 
behir.d the cold front slfdc^ up over the colder air 
ahead of the warm from. The air in the warm sec- 
tor again forced aloft. The warm front remains 
on ihz surface. jand theixold;from ridcs'uprov^^^^ 
warm frontal slope to become an upper cold front 
(cold front aloft). You should remember that the 
type c/f occlu.sioh is named after the type of front 
that remains on the surface. 

5-5 J. Figure 15. shows the weather and cloud* 
patteriiS normally associated with the warm front 
occlusion. Occlusions combine the weather of the_ 
warm and coldironts into-one extensive system. 
. JTifirliiie t)f thunderstorms usually a.ssociatcd with 
a cold front merges with the low ceilings and visi- 
bilities of the warm front, fiowever. there are a 
few significant differences jn the weather between 
the. two types of occlusions. The cloud system with 
the warm front occlusion is much- wider than th it 
with the cold front occlusion because the warn 
frontal surface extends under the upper cold fron*. 
This causes the weather pattern .with a warm oc- 
clusion to be very simil&r to thai of *t warm front. 
A line of thunderstorms with the warm front oc- 
clusion is often imbeuded within the stratiform 



overcast layer and may precede the surface occlu- 
sion by 200 to 300 miles. The imbedded thunder- 
storm5 with the cold front occlusion usualK occur 
with the passage of the surface occluded front. 
Clearing skies often occur shortly after passage of 
the occlusions. 

5-56. Occluded frontal s\sicms are more com- 
mon in the northern portions of the United States 
than 'in the .southern portions. Occlusions occur 
mo«;t frequently during the winter months; and. in 
the United States, in the northwest and northeast 
sections of the country. This concludes our discus- 
..sion of general mcl^prology *tv-it -applies to \our 
-obscxving dutii S. Before proceeding to the section 
on mathlmatjcs and^meteorolygical tabks. refer to 
your' worlcbook and tmswer the questions for this 
section* 

6* Mathematics and Meteorological Tables 

6 1 . Because you solve mathematical problems 
in your day-to-day duties vou. must kn6w certain 
mathematic fundamentals This section di.scusses 
the procedures for intcrpo.ation of meteorological 
ttibLs and then jpresent.s methods for constructing 
tablcs^tTiar you use. su^h as the altimeter setting, 
sea-level pressure, and'cloud height tables. 
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Figure 15, Warm front occlusion. 



6-2. Interpolation. Many times, when you use 
the prejjsure reduction tables, you musf interpohito 
to obtain the correct sea-Ievcl pressure. PerJjaps 
you are not familiar with the procedures for inter- 
polation. Interpolation essentially means to insert 
computed values between grven tabular values, Td 
find the sea-level prysure for a station pressure of 
29.850 inches at a mean temperature of 17' F.. 
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table 3 and set up thejinterpolation of the 
shown in figure 1 6. 

Step 1 shows the solutionTTthe proportion 
the value that must be added to or sub- 
from the sea-fevel pressure of 1038,3 mb 
fifths of a difference of zero. 
Step 2 shows the solution of the proportion 
the value that must be added to or sub- 



Table 3 
Se>-Level Prisscrh Redlxtion Table 
(Not Corrected for Moisture) 
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Figure 16. Interpolation for sea level pressure. 

traded from the sea-level pressure of 1042.0 mb 
for two-fifths of the difference of 0.3. 

6-5. Step 3 shows the cross-interpolation for 
one-half of the difference in pressure for a change 
of 3.6 mb. 

6-6. By interpolaiton, you find that the sca- 
level pressure for this problem is 1040.1 mb. A • 
moisture factor may be incorporated into sea-le\cl 
computations, but since this factor is so small, it is . 
seldom used. 

6-7. Nothing more need be said concerning 
interpolation procedure.*;, for the actual task of ob- 
taining table values will strengthen >our knowl- 
edge of this subject-. 'Our next subject, table prepa- 
ration, discusses methods for constructing various 
meteorological tables. 



6-8. Table Preparation. The weather station at 
which you are assigned should, and probably does, 
have prepared tables you can use to determine al- 
timeter setting, sea-level pressure, and cloud height 
values. However, there are times when you may 
have to construct new tables from "scratch." This 
could occur when you move to a new observation 
site, or when your current tables -do -^not have 
enough range to cover extreme variations. Our dis- 
cussion of table preparation jDeglns with .two meth- 
ods used to construct altimeter setting tables. 
' 6-9. Altimeter 'setting table. There are several 
methods that can be used to construct altimeter^ 
setting tables. The two most comnron methods are 
the WBAN Manual of Barometry method and the 
method used in eonjunclion witji the Pressure Re- 
duction Computer (WBAN 54^7--8). When using 
the computer, the only ^nformatfon you need to 
obtain an altimeter setting is the station pressure 
and the station elevation. Figure 17 is an example 
of altimeter setting computation using the com- 
puter. 

6-10. The first step, when using jhe computer, 
is to obtain t^ie station pressure the-nearesr' 
0.005 inch. Then using side II of the computer, set 
the P index to the obtained station pressure value 
on either the P or P.A.S. scale, as appropriate. 
Align the cursor over the station elevation on the 
H scale. Finally, under the cursor on the P.A.S. 
scale, read the indicated altimeter setting value to 
the nearest hundredth of an inch. Figure 17 illus- 
trates how the computer is set up using a station 
pressure of 29.290 inchc$ and.a^station elevation 
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Figure 17. Example of altimeter setting computation opxcwnputer 
^36 ^ ^ 



of 737 feet. These values produce an altimeter set- 
ting of 30,07 inches. Now add .01 inch to tffis 
computed altimeter value in order to arrive af a 
value with reference to field elevation. 

6-11. Our second method of computing an al- 
timeter setting is the Manual of Barometry method. 
This method requires that you use tables 8.1-1 
through 8.1-4 that are contained in the manual. 
To illustrate the actual procedure when using this 
method, we have included an extract of a portion 
of table 8.1 (see Appendix A) in this volume. To 



compute altimeter settings by this method^ use the 
' following ^teps: 

a. Refer to the body of the tabic in Appendix A 
and find the pressure altitude corresponding to 
your corrected station pressure. 

b. Subtract, algebraically, your station elevation 
from the pressure altitude obtained from the table. 

c. Go back to the table again. Take the value 
obtained from step b and find this value Jn the 
table. Its pressure equivalent is the altimeter set- 
ting. 



Table 4 

Station Pressure to Alti.meter Setting Conversion Table 



Podunk* Air Force Base, Iowa 
Station Elevation: 745 ft 



Station 
Pressure 
(Inches) .00 



.01 



.02 



.03 



.04 



.05 



.06 



.07 



.08 



.09 



28.40 29.17 29.18 29.19 29.20 29.21 29.22 

28.50 29.27 29.28 29.29 29.30 29.31 29.31 

28.60 29.37 29.38 29.39 29.40 29.42 29.43 

28.70 29.48 29.49 29.50 29.51 29.52 29.53 

28.80 29.58 29.59 29.60 29.61, 29.62 29.63 

28.90 29.68 29.69 29.70 29.71 ' 29.72 29.73 



29.23 29.24 29.25 

29.32 29.33 2^.34 

29.44 29.45 Z9.46 

29.54 29.55 29.56 

29.64 29.65 29.66 

29,74 29.75 29.76 



29.26 
29.36 

29.47 
29.57 
29.67 
29.77 



29.00 

29.10 
f 

29.20 
29.30 
29.40 
29.50 
29.60 
29.70 
29.80 
39.90 



29.78 
29.89 
29.9? 
30.09 
30.19 
30.29 
30.40 
30,50 
30.60 
30.70 



29.79 
29.90 
30.00 
30.10 
30.20 
30.30 
30.41 



'^30.51 



30.61 
30.71 



29.80 29.81 29.82 29.83 29.84 29.85 29.86 29.87 

29.91 29.92 29.93 29.94 29.95 29.96 29.97 29.98 

30.01 30.02 30.03 30.04 30.05 30.06 30.07 - 30.08 

30.11 30.12 30.13 30,14 -30.15 30.16 30.17 30. ;L8 

30.21 30.22 30.23 30.24 30.25 30.26 30.27 30.28 

30.31 ' 30.32 30.33 30.35 30.36 ' 30.37 30.38 30.39 

30.42 30.43 30.44 30.45 , 30.46 30.47 30.48 30.49 

30.52 30.53* 30.54 30.55 .v30.56 30.57 30.58 30.59 

30.^62 30.63 30»64 30. 65- 30.66^/30.67 30.68 30.69 

30.72 30.73 30.74 30.75 30.76 30.77 30.78 30.79 
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30.87 
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30.89 
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31.06 
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31.07 
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6-12. Now work through a sample problem. 
Chanute AFB has a station elevation of 747 feet. 
I- At a given time the station pressure i^9.090. Fol- 
low the steps given above and use' Appendix A. 
Remember we want field elevation for our starting 
point. Your computations^should produce the fol- 
lowing results: . 

Step a Station pressure = 29.090. 

Step b Pressure altitude value for 29.090 = 778. 

Step c Now subtract the station elevation algebraic- 
ally, 778 - 747 = +31 ft. 

Step d Within the table we find that this "+31" cor- 
responds to a pre.ssure of 29.89 inches. (In 
some cases, interpolation may be necessary.) 

This is the altimeter setting for a station pressure 
of 29.090. . 

6-13. When preparing altimeter tables, keep in 
mind that you must start with the lower and upper 
limits of the observed extreme station pressure val- 
ues. This information can be obtained from the 
station Climatic Data Summaries. Table 4 is an 
example of a completed station pressure to altime- 
ter setting conversion table. As you can see, this 



tabic was constructed using 28.400 and 30.280 
inches as the extreme values of observed station 
pressure. 

6-14. Our next subject, sea level pressure re- 
duction tables, is very similar in method of compu- 
tation to that of the altimeter tables. 

6-15. Sea level pressure reduction table. You 
can reduce the observed station pressure to sea 
level pressure by either of two methods — by using 
prepared pressure reduction tables or the Pressure 
Reduction Computer. The quickest and most ac- 
curate method is to use the computer. Side I of the 
computer is used to compute sea level pressure 
values. This side is calibrated in millibars and 
inches of mercury (pressure) and has a movable 
scale calibrated in *V* values (the ratio of sea level 
pressure to station pressure per increment of 12- 
hour mean temperature in degrees F.). 

6-16. To reduce station pressure to sea level 
using the computer, follow this procedure. First, 
use the station pressure as it is recorded (nearest 
0.005 inch of mercury). Next, determine the 12- 
hour mean temperature. Then, using side I of the 
computer, set the P index to the current station 
pressure on the P scale (inches). Determine the 




SCALE SYMBOLS 
s STATION PRESSURE IN HG OR Mt. 
Pq: PRESSURE REDUCED TO SEA LEVEL.jN HG OR Mt 
r = PRESSURE REDUCTION RATIO CORRESPONDING TO 
TEMPERATURE ARGUMENT,! j (ftGURE l' IS OMITTED 
PRECEDING DECIMAL ON SCALE OF r WHERE 

THE P, PQ SCALE PEftTAINS TO EITHER STATION PRESSURE 
OR KECfbCCD SEA LEVEL PRESSURE THE TAtlE Of f 
MUST tE APPROPRIATE TO THE GIVEN STATION ELEVATION 
ANj^ LOrATION 

COMPL^TATION Of PRESSURE REDUCED TO SEX LEVEL 

I DETERMINE (A| OtSERVED STATION PRESSURE 

{tr STATION TEMPERATURE ARGUMENT, tj 
(Ch/PRESSURE REDUCTION RATIO, f FROM* TAtlE. 
/ CORRESPONDING TO I, 
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Figure 18. Example of sea level pressure computaiion on computer. 
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27. 00 



914. 33 914.66 



915.00 915.34 



915. 68 ■ 916. 02 



27.10 917.71 918.05 

27.20 921. 10 - 921.44 

27.30 924.48 924.82 

27.40 927.87 928.21 

27.50 931.26 - 931.60 

27.60 934.64 934798 



918.39 918.73 

921.78 922.11 

925. 16 925. 50 

928.55, 928.89 

931.93 932.27 

935.32 935.66 



919.07 919.40 

922.45 922.79 

925. 84 926. 18 

929. 23 929. 56 

932.61 932. 95 

936.00 936.34 



■27.70 938. 03 938.37 938.71 939.05 939.38 939.72 



27.80 941.42 ' 941.75 



27. 90 944. 80 945. 14 
28. 00 948. 19 948. 53 



942.09 94^.43 
945.48 945.8-2 



948.87 949.20 



942.77 943.11 
946. 16 946. 50 
949. 54 9^9. 88 



"r" value by using the mean temperature and the 
table of "r" values for your station that i^supplicd 
with the computer. Align the computer cifrsor with 
the derived "r" scale value. Under the ciirsor on 
the outer (P„) scale, read, the sea level ^ri,sure irf 
millibars. Figure 18 illustrates the proper^;ilign/{ 
mcnt of the scales and cursor for the foIIoWingVrt^ 
u'es: . • ' " V ' 

1 

station pressure = 29.285 inches 
"r" value (derived from table using a 12-hr mian temp 
of 75* F.) = .0269 

i 

These values produce a sea level pressure of 
1018.4 mb. , 

6'17. This method of computing sea level pres- 
sure is much simpler than using pressure/reduction , 
tables; therefore, it is used at most AVVS Stations. 
If you do have to prepare sea level pressure reduc- 
tion tables, you must prepare them in accordance 
with FMH 8, WBAN Manual of Barometry. 

6-18. The FMH 8 uses a basic formula for de- 
termining 5ea level pressure values. Let's begin by 
putting down the formula^and identifying its parts. 



P. = I* X r (where r = -^^Pg ) 

Tmv 



^ :;^*Sca Icvc! pressure. 
P = Siiiiion piessurc. 

r =r R.itio of sea level pressure to st;ition pressure 
for each degree of lemperaiurc. 

K = a constant value of 0.0266S95' R. (This value 
is built into the lablr of "r" values.; 

^ Hpg ^ represents ihc difference between two known 
heights or yoUr.station elevation In meters. 

Tmv =r 12-hour mean temperature expressed in de- 
grees Rankine. 

Now, work an example problem by substituting 
the following values into the formula. 

Obsen-ed station pressure = 27.00 inches of mercury 
Station elevation = 500 meters 

424iour mciiri tempw\ . nre = 50' F. 

6-19. Using table ? ^':m:extiact from FMH 8), 
convert 27.00 in. Hli to pressure in millibars 
-f9l4.33mb). Then convert the i2-hour mean 
temperature from the Fahrenheit scale to the Ran- 
kine scale using R. = 459.7 -f °F., which pro- 
duces a value of 509.7' R. Now using table 6 (ex- 
tracted from FMH S). locate the station elevation 
value and enter the table to where it coincides with 
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Table 6 " 
Derived **R** Value Table 



Ratio-^of SEA-LEVEL Pressure to STATION PRESSURE as a function 
of 12-hour mean temperature in degrees Rankine ('*r*' value). 



Station 



12-hour mean temperature in degrees Rankine 



elevation 


















in Meters 




500 


505 




•510 




515 


520 


500 - - - 


1. 


06338 


^ 1.06275 


1. 


06211 


1. 


06148 


1. 06086 


510 - - - 


1. 


06468 


1. 06402 


1. 


06338 


1. 


06275 


1. 06214 


520 - - - 


1. 


06601 


1. 06532 


1. 


06466 


1. 


06402 


1. 06338" 


530 - - - 


1. 


06731 


1.06662 ■ 


1. 


06596 


1. 


06530 


1. 06463 


540 - - - 


1. 


06861 


1. 06792 


1. 


06723 


1. 


06657 


1. 06591 


550 


Vl. 


06994 


y 

1. 06923 
1. 07053 


1. 


06851 


1. 


06782 


1. 06714 


560 


1. 


07125 


1. 


06982 


1. 


06910 


1. 06842 


57 0 - - - 


1. 


07258 


1. 07182 


1. 


07110 


1. 


07038 


1. 06970 


58 a 


'l. 


07389 


1. 07312 


1. 


07238 


1. 


07167 


- 1. 07095 


590 ■ 


U 07520 


1. 07443 


1, 07369 


1. 


07295 


1. 07221 


600 


1. 


07654 


1. 07575 • 


1. 


07498 ■ 


1. 


07421 


1. 07349 



Table 7 

PORTION OF A Sea-Level Reduction Table 



Mt*an 


' Staiion 


Pressure 


(Inches) 


Temp 


27. 00 


27. 10 


27. 20 


30 






f 


35 








40 ^ 








45 








50 


971. 1 


etc. 
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60 









40 



the Rankine temperature. The Rankine tempera- 
ture of 509.7^ is rounded off to 510° R. giving us 
a value for "r" of 1 .0621 1. Our final step in arriv- 
ing at the sea level pressure is to multiply the sta- 
tion pressure millibar value by the derived "5" 
value as follows: - _ 

9I4.33inb X l.t)6211 

This produces a sea level pressure of 971.1,mb. 

6-20. You can n6w start the sea level pressure 
reduction table with temperatures listed along the 
left side and station pressures along the top, as 
shown in table 7. In the space at the intersection 
of temperature = 50° F. and station pressure - 
27.00 inches, you enter 971.1. As you work out 
the SLP (sea level pressure) for different pres- 
sures and mean temperatures, enter them in the 
table as we did in the example problem. Remeifl- 
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Figure 19. Determining angle A using the tangent 
function. 

ber, when you vary the temperature or pressure, 
you must compute a new constant ("r" value). 
You must also include enough values in the table 
to cover the pressure and temi^ature range of 
your station. Our final discussion on table prepara- 
tion deals with the cloud height table. 

6-21. Cloud height table. Preparing cloud 
height tables involves the use of some trigonome- 
try. We will not discuss all the functions used in 
trigonometry. Our discussion will center solely on 
the tangent function used to determine angles that ^ 
correspond to reportable tloud height values. In a 
right triangle such as shown in figure 19, the angle 
that we are solving for involves only the tangent 
function. This figure shows that we have two given 
values for two sides of the triangle — AC (the 
baseline) and BO (a reportable cloud height 
value). • 

6-22. To solve for angle A, use the natural tan- 
gent ("NAT") values from Appendix B of this 
volume and the tangent function of angle A. To 
arrive at aJ'NAT" value for angle A, you have to 
divide the opposite side by the adjacent side. Attcr 
arriving at the "NAT" value, you enter Appendix 
B and find the tangent angle that corresponds to 
your "NAT" value. 

6-23r Cloud heights must be encoded to con- ' 
form to specified reportable values. That is. 100- 
foot increments up to 5000 feet; 500-foot incre- 
ments between 5000 feet and 10,000 feet; and 
1000-foot increments above 10,000 feet. Using 
these resportable values you can 5et up a cloud 
height.table with the reportable values on one side, 
then determine their corresponding angles to put 
on the other side, by use of the tangent function of 
angle A. 

6-24. The equation tan A = -^HE enables us to 

adj 

determine the range of angles that correspond to a 
given reportable height. This eliminates the need ' 
to compute each angle separately. 

6-25. Recall from school that when a cloud 
height occurs between zero and 50 teet, it is 

41 
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rounded off to a reportable value of "0," and those 
between 51 and 150 feet are rounded off to a re- 
portable value of "100." and so on. Now' that you 
know the height range for which you need to com- 
pute the angles, work through a few examples. 

6-26. Using a baseline of 400 feet, start the 
cloud height table by putting the reportable height 
values on the left and then determine the angles 
that correspond to. the particular height. 1^>}e-STis 
an example of a cloud height table usirifa 400- 
foot baseline. The angles in the table/^ere deter- 
mined by using the midpoint value of each report- 
able height; that is, 50 feet, then 150. 250, and so 
on. The reason for this is that values up through 
the midpoint are reported at the lower reportable 
height. 

6-27. Appendix B contains the "NAT" tangerft 
values for all angles between 0° imd 90 . Using 
the tangent function of angle A, now go through a 
few angle computations. With a 400-foot baseline 
the equation becomes. 

lan A = ^ 
400 

Ifopp = 50 feet 
Then, tan A = 

400 

= .1250 ("NAT" tangent value) 

Tablu 8 
PoRtioN OF A Cloud HEicirr Table 
(400-FOOT Baseline) 



Height 


Angle 


. (Feet) 


* 

0 


<8° 


100 


8°-20° 






200 


21°-32° 


300 


' 330-41" 


etc. 





Refer to Appendix B and find the tangent angle 
.that corresponds to .1250. To do this, Jn the tan- 
gem column under "NAT," we find that 0.1250 
falls between .1228 and .1257 which correspond 
to 7°00' and 7/10'. Therefore, the angle entry in 
table 8 for cloud heights 0 through 50 feet (re- 
portable value "0") is "<8°" for less than 8^ 
6-28. Let's continue^ on and compute several 
more values for the table : ^ 



Example 1: 
50 



tan A = -— ~- 
400 

= .3750 

A = 20* approx. " " 

Base3 on the previous computation and this latter 
one, our angle entry in table 8 for the reportable 
height of 100 feet will be 8° to 20°. 

Example 2: 



tan A = 



250 



400 
= .6250 
A = 32^ 




the entry for 200 feet'iiii table 8 is 21' 



Example J: 

tan' A = i^' 
400 

= .8750 

A = 4J* 



Th^ntry in* tabic 8 for 300 feet is 33° to 41°. 

6-59. You, may want to include intermediate 
heights in thT table in addition to the reportable 
h<^ht values. However, this section is primarily 
concerned with showing you how to determine the 
angles that correspond to the reportable height 
values. This discussion showed you how to prepare 
cloud height tables using the tangent function of 
angle A. Using the simple equation given, you can 
find accurate values for cloud heights, and also 
check your existing tables. 

6-30. This concludes our discussion of table 
preparation. Now that you know the procedure for 
preparing cloud height tables^ the next subject in 
Chapter 3, Weather Station Equipment, should be 
easier to understand. But before proceeding to the 
next chapter, refer to your workbook and answer 
the questions for this last section. 




CHAPTER 3 



Weather Station Equipment 



AN ACCURATE, representative observation of 
-tVthe surfacf weather elements relics heavily 
'upon your good judgment and well-developed job 
skill. Instruments devised for measuring basic 
weather elements, such as temperaturCj^ pressure, 
'and wind, help to shorten the time you take to o^v 
serve these elements. You must develop skills in 
operating these instruments so that you can cm- 
ploy them to their advantage. The instruments do 
not replace you but father increase your effective- 
ness as an observer.. 

2, Observation of all the weather dements, in 
some way. involves a measuring device. Some in- 
struments are simple in construction; but others 
have highly complex electronic circuitry. However, 
regardless of its construction, as you look at the 
equipment installed at your station, one overall 
purpose of design is obvious — to provide a one-lo- 
cation readout of as many, basic weather clcmenis 
as possible. This chapter discusses the basic oper- 
ating methods for obtaining the best measurement 
""ixom cloud height measuring sets, visibility meas- 
uring sets, precipitation gage, {Pressure instru- 
ments, temperature-humidity equipment, and wind 
measuring set.s. The equipment chosen for discus- 
sion represents the fnventory found at most fixed 
observing sites. Rgiire 20 depicts a possible layout 
lot ti weather facility. Notice that the airfield is 
multiple-instrumented, i.e., it has wind, visibility, 
and ceiling measurements for each runway. Some 
airfields have all the runway approaches instru- 
mented. The figure sRows ceiling lieight measur^- 
jnent as one of the important elements of 'weather 
support to flying operations. This section begin^ 
with a discussion of equipment us^d to obtain ccil- 
•ing heights.. 



• 7* ManipulotingSWdce Observing 
Equipment \^ 

7-1. Your training thus fsff has provided you 
with a basic skill for turning equipment ON and 
OFF and for identifying controls. Your obicctiye 
in this spction is to acquire some operating meth- 
ods for obtaining proper measurement from sur- 
face observing equipment. For a more detailed de- 



scription of the component parts, nomenclature, 
and principles of equipment operation. ~corisuIt4be 
current technical order. Minor preventive mainte- 
nance is discussed in a later section of this volume. 

7t2. Cloud Height Measuring Sets. Two .sets 
receive our' attention here — AN/GMO-13, Cloud 
yeight Set and AN7TPQ-11. Radar Cloud De- 
tecting Set. Both sets are fixed installation. Other 
sets such as the mobile AN/TMQ-I4 and the 
portable AN/TMO-2 are discussed as component 
parts of tactical observing systems. 

7-3. Cloud Height Set/'AN/GMQ--13. Often 
called the rotating beam ccilometer (RBC) be- 
cause the projected light beam rotates through its 
measuring arc. the GM0--13 offers several advan- 
tages. First, a^rapid^incgsuring sweep provides scyr 
eral measurements' wFtliout tying up much observa- 
tion time. Second, a dual light sy5tem..aJlGW5> height 
measurement even though one light burns out. 
Third, the baseline length'^allows height measure- 
ments between a range of 50 to 4000 feet with a 
reasonable degree of accuracy. 

7-4» The length of the baseline determines the 
maximum height that clouds "^cair be considered, 
measured with accurate accuracy for observational 
purposes. Shortening the baselinc. to )ess jhatx the 
400 feet, most widejy used in AWS, decreases the 
maximum height of accurate measurement. In- 
creasing the baseline improves the range of accur- 
ate measurements, but for a baseline of 1000 fegt 
or longer, other limiting factors arise. They include 
light beam cutoff by low hanging cloud fragments, 
attentiation of the light beam intensity by fog or 
other obstructions to vision, and diffusion of the 
light beam by water droplets. 

7-5. The presence of low cloud or fog governs 
the period of ccilometer operation. ^The ccilomctcr 
should be turned on whenever one of the following 
conditions exists at your station. 

a. When clouds arc .present within the height 
measuring capability "of the set or fog is present^. 

h. When e;thqr of the above conditions are 
forecast or ^expected to fae present wkhin 3 hours, 
c. When a local need exists. ' 
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Figure 21. GMQ-13 indicator controb. 
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When none of these conditions exists or is ex- 
pected to occur withfh 3 hours, you may keep the 
ceilometer in standby. The height measarii^g capa- 
bility of the s$t depends upon the ,basdine length 
and the ceilometer in use. Though we are primar- 
ily discussing the GMQ-13, the conditions dufiq^ 
which the ceilometer is to be operated apply to the 
TMQ-14 as welT. The TMQ-14 measuring range 
is considerably shorter than the GMO-13. AWSP 
105-3 describes the effective range of the 
GMQ-13 using a 400 foot baseline as 4500 feet. 
The same pamphlet recognizes the TMQ-14 effec- 
tive range as 2100 feet using a 300 foot baseline. 
These heights can %e considered as -the height 
measuring capability of the respective sets. 

7-6. To obtain height readings from the ceil- 
ometer you must be able to adjust the sweep, read 
the scales, and inte^ret the scdpe. Figure 21 
shows the controls used when adjusting the sweep. 
After you turn on the POWER and Z MODULA- 
TION toggle switches, begin sweep adjustment by 
turning the BRIGHTNESS control clockwise until 
the sweep appears on the scope. Use the HORI- 
ZONTAL CENTER control to make the sweep 



run along the vertical centerline of the scale, and 
adjust the-EOCUS to obtain the sharpest beam. 
Place the CALIBRATE switch in each position 
and adjust as follows: 

• Position nOmbcr 5. Sweep should appear at 
0^ Adjust with SWEEP LENGTH control. 

• Position number 4. Sweep should appear at 
90**. Adjust with SWEEP LENGTH control. 

• Position number's. Sweep should appear at 
45^. Adjust with VERT CENTER control. 

• Position number 2. Sweep flashes in each of 
the rectangles on the scale. If not, readjust other 
calibration settings. 

After these adjustments, the sweep should trace 
the proper length along its scale. Place the CALI- 
BRATE switch' to position number 1, and. adjust 
HORfZ GAIN until about Vs inch of noise 
(sweep wi.dth) is present During sweep adjust- 
ment, the PROJECTOR switch has been off. 
When you turn it on you may find the projector 
and indicator arc not working in harmony. 
^ 7-7. The indicator also uses a pulse that shows 
when the indicator is synchronized (or in har- 
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mony) with the projector. The "sync" pulse ap- 
pears OS a short step chat is displaced to the righr^ 
of the sweep path. The sync pulse should appear at 
the bottom 2° of the sweep. If the sync pulse ap- 
pears anywhere else, push the SYNC button mo- 
mentarily. The indicator sweep comes to rest at 0** 



until it becomes synchronized with the projictcr. 
During the O'' rest time, the SYNC laipp is lit. 
When s>Tichronization is achieved, the indicator 
iweep autom^^cally begins its cycle. 

T-'S. ITo accurately read the'^ndicator .scales, 
;^ou must keep one caution in mind The measured 
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figure 22. RBC scope interpretation. ^ 
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' height changes rapidljr as the elevation angle ap- 
-T3roaehes-90?* In pther words, a sraaJK^hange tn- 
elevation angle indicates a large change in meas- 
''-ured height Height Jndicationsjegistered above; 
75 elevation an^e must be carefully obsefvfdTcr 
avoid rai§readiffg tIfeiscVieljy ^)n^ more reporta- 
ble values. 

7-9. Interpretation of the patterns appearing on 
the scope requires experience more than anything _ 
else. As an aid, a few typical patterns are illus- , 
trated in figure 22. These illustrations present only ' 
^generalized pictures and do not portray the many 
variations that occur within each pattern. A brief 
discussion of details A through F of figpre 22 fol- 
lows. . - -.^^ 

a. Details A, B, and F aVe;yjit]^e?r^^^ indicra- 
tions. As the projector beam shines on, tije cloud 
directly over the detector, the^cope tracV widens. 
The base of the cloud js at the bas^e of die}vW^ 
part of the scope trace. TDetail A showr^abrupi 
deflection that places the base at 60° and 700 feet. 

"The trace in detail B widens less abruptly wjth the 
widest point af 62"* and 750 feet. These two de- 

'tails show clouds whose bases are well defined. , 
such as cumulus clouds. Detail F shows a diffuse 
or less defined cloud base, such as the base of a 
stratus cloud. The scope depicts the base at 75'' 
and 1500 feet • 

b. Detail C apparently presents two cloud lay- 
ers at 46*^ and 65"*. When multiple layers appear 
on the scope, you had better verify their existence 
by* an outside visual observation, if possible. Do 
this to avoid reporting a noise signal as a cloud 
layer. 

c. Detail D depicts a low ceiling accompanied 
by fog at the surface. The fog causes the wide . 
trace at the surface. The base of the cloud is indi- . 
cated at the widest part of the bulge or about 100 
feet. 



Detail E shows two features. Reflection of 
the light by falling snow causes a wide trace at the 
surface. However, enough of the projected light 
....reaches, through the snow to strike the cioud base 
(it 60*. frequently, precipitation or dense surface 
fog reduces the amount of projected light received 
at the photocell so that only the tapered portion of 
the trace appears, such as shown in detail E from 
the surface -tcTWO feet. A tapered trace should 
help in estimating the vertical visibility into the 
phenomenon. 

\e. Another feature in details A. B, and C needs 
to be mentioned. Notice the bulging trace in detail 
A at about 20^, again in dctajl B at IC and 20*, 
. and also in detail C at 15*. These depict noise sig- 
nals that are generated either within the set or 
from external radio or light sources. Noise signals 
are often characterized by their randcm patterns, 
that is, they do iipt appear as a fixed signal from 
scan to scan. Also, a signal appearing between 
measuring' scans, when no signal information is 
being presented, gives a further indication that you 
are receiving noise. High-intensity flasher interfer- 
ence does cause regulariy spaced signal reactions 
about 15* apatt on tho^^indicator scope. Noise sig- 
nals also show narrow, sharp deflections as well as 
the gradual bulges shown in the illustrations. Al- 
though you cannot eliminate noise signals, you can 
reduce their effect upon the scope trace by turning 
the HORIZ GAIN control to a lower setting. 

7-10. Radar Cloud Deteciins Set, AN/TPQ-IL 
The limitation of the light beam type of cloud height 
measuring set, and the need to know the height of 
cloud tops and data concerning multiple layers of 
clouds, led to the development of the radar cloud 
detecting set. The vertical rad&r set detects targets 
through a height range that is adequate to cover the 
vertical extent of clouds. The AN/TPQ--1 1 can de- 
tect clouds from 500 to 60,000 feet. Another fea- 
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LIN MODE ^LOG MODE ".29 

• Figure 23. Comparison of TPQ-l 1 LIN and LOG modes^ 
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ture of the TPQ-11 is its sensitivity. It can detect 
the thinner or less dense clouds (smaller droplfcl,. 
size). To achieve this, increased sensitivity, how- 
ever, attenuation of the signal is more pronounced 
during precipitation or in low, heavy clouds. 

7-^. Qouds and precipitation/passing through 
the vertical radar beam, "paint" patterns on the 
scope and are. displayed upon the recorder. The 
^ quality and usefuhiess jof thp patterns depend upon 
' the contij)! settings. Knowing the effects of bom^e 
controls can intrcase your understanding of the 
' scope presentation, The controls are on the con- 
sole indicator panel 

7-12. The KANGE SELECTOR control dqcs 
what the name implies — selects one of the three 
available height ranges for presentation. Ob- 
viously, greater cloud detail is available at the low 
height range if the clouds are below 15,000 feet. 
Regardless of the range selected, the TPQ-U is 
inaccurate below 500 feet. 

7-13. Another control that affedts the scope 
presentation is the IF ATTENUATOR. This ad- 
justs the level of the signal input, and it is possible 
to eliminate the signal presentation on the scope^ 



'T:J>yJncreasing the attenuation. Therefore, when you 
cV^^Gate a scope presentj^tiori, the amount of atten- 

"^W^aii'Ji applied to the signal is important. 

"'"f-M. Another type of attenuation is ^provided 
by the RANGE ^NORMALIZATION' control. 
This control can normalize signals to eithet 15,000 
or 30,000 feet. Normalizing to 15,000 feel means 
that any echo signal reluming from less than - 
15,000 feet is displayed^ with the same intensity it 
would have at 15,000' feet. Low altitude returns 
normally appear more intense than high altitude 
returns simply because the low returns are closer 
to the receiving antenna. Normalizing he\ps to 
equalize intensity- differences due to range only. 
Also, blocking of high altitude returns by low alti- 
tude returns is reduced. Observing multiple cloud 
layers is aided by the use of normalization espe- 
cially when the strongest signals come from the 
lower layers. 

7-15. You may operate the TPQ-1 1 receiver in 
either linear (LIN) mode or logarithmic (LOG) 
mode. The mode determines how the returned 
echo power is displayed. Figure 23 illustrates, 
Vaphically, how each mode differs. Consider two 
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Figure 24. TPQ-l 1 echo record. 
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Table 9 
TPQ-ll Control Settincs 



Character 
of Weather 


Log/ Lin 
Mode 


Range 
Normalization 

t "'"Us 


Quantise 


ISO- 

£jcho 


•Clouds, No Precip. 


Log ' 


' Off 


Yes 


On 


Rain or Drizzle 


- . Log 


. 15000' . 


Yes 


On 


Snow 






No 


Off 


Multiple Cloud") 
Layer - Strong V 
^Ilow Level Echoy 




15000 or 
30000 *■ 


- Yes 

0 


On 



echoes (A) and (B). Assume that echo (A) is 
twice as intense as echo (B). LIN mode displays 
" echo (A) with twice the length on the scope as 
echo (B). Echo display is in linear proportion to 
lecbcf intensity. LOG mode <Jisplays echo intensit> 
according to the logarithm of returned echo power. 
You can see from JLOG mode in figure 23 that 
* echo (A) is not disRlayed with twice the length of 
echo (B) even though their intensity remains the 
same as in LIN mode. For echo (A) to appear 
twice as long as echo (B) in LOG mode, {A) 
would have to become 10 times more intense than 
(B). The advantage of LOG mode is that a wide 
range of power returns can be shown without 
reaching the display limits of the scope. 

7-16. Two other controls affect the display of 
echoes on the Tf Q-1 1 facsimile recorder. First of 
these is the QUANTIZE control. The QUAN- 
TIZER separates all echo returns intot^jree power 
steps and displays these steps as three lev^ of fac- 
simile shading. These levels of shading are com- 
monly referred to as **gray levels." The lightest 
shade of gray level represents all echoes with a 
power return between 0 and 10 deciljcls (db) 
above noise level. (A decibel is a measure of sig- 
nal intensity.) An echo whose power return equals 
2 db above noise level is recorded at the same gray 
level as an echo whose power return equals 10 db 
above. The darkest gray level covers the range be- 
tween 20 db~30 db above noise. By asing the 
QUANTIZE control, you can easily distinguish 
three levels of echo intensity without making^any 
other control adjustments 



ECHO arid QUANTIZE controls shpuld be oper- 
ated in LOG mode. The sample recorder strip in 
figure 24 compares the echo display under various 
control settings. Details within the cloud* echo be- 
come noticeably better when the echo is quantized, 
, iso-echoed, and normalized. The bright band 
(melting level) stands out (AJ; also evident are 
shafts of more intense echo (B) and a wind shear 
feature revealed by the slant of the intense shafts 
(B). 

7-18. Except for special situations, operate the 
TPQ-ll in LOG mode and the facsimile data 
converter ^ QUANTIZE position with ISO- 
ECHO, "ON." These settings .provide maximum 
sensitivity for cloud 'detection. Even so, the 
TPQ-1 1 does not detect small, fair w6ather cuiftu- 
lus unless the cloud contains droplets that hjive 
grown to precipitation size. Table 9 shows recom- 
mended control settings during specific weather 
conditions. The TPQ-l 1 can provide much infor- 
mation that you, the observer, do not need for 
your observation. The contr^^settings ift table 9 
permit the TPQ-1 1 to op^eratc at its peak sensitiv- 
ity for obtaining maximum data. Although the 
TPQ-ll radar provides more information, your 
primary concern is to. obtain bases and tops of 
cloud layers from the radar cloud detector 
(RCD). The following discussion centers on some 
TPQ-ll peculiarities relative to that responsibil- 
ity. ■ \ 

7-19. The TPQ-ll does noL measure precise 
boundaries of clouds or moisture. The sensitivity 
of the set depends upon the concentration, num- 



7-17. The second of the two controls affecting^^^er, and the diameter of the energy scatterersr If 

1- mese two factors cannot cause enough energy to 



the facsimile display is the ISO-ECHO. This con 
trol eliminates the display of all echo returrts that 
are greater in power than the darkest shade of 
gray level, i.e., greater than 30 db above noise 
level. Thus, the very strongest echo returns will 
appear as white, open areas within the shaded 
areas of echo display. To be valid,' both the ISO- 



be returned to the set, the cloud or moisture is un- 
detected by the TPQ-ll. You must visually evalu- 
ate the sky cover before relying on radarscopc 
presentations. The TPQ-ll performs a reliable 
meastirement of nonprecipitating cloud bases par- 
ticularly if it is a water-bearing cloud. Sharply de- 
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fined cloud bases, are also reliable. On the other 
hand, scope display of cloud leases during" precipi- 
tation and bases that are fuzzy or ill defined 
should not be considered as completely reliable. In 
these cases, the true cloud base is obscured by re- 
turning signals from the precipitation or virga. 

7-20. Qoud top measurement is reliable under 
practically all conditions except intense precipita- 
tion (exceeding 0.75 inch/hour). During intense 
precipitation, height measurement is inaccurate be- 
cause of the signal attenuation near the surface 
caused by the heavy precipitation. At times, cloud 
tops appear on the recorder as vertical towers or 
columns rising above a common level. This indi- 
cates^ turbulence, and the towers may be convec- 
tive cloud buildups breaking through the top of a 
thick cloud layer. Some cloud tops arc masked b> 
precipitation falling from' a higher cloud Jayer. 
When thb happens, the TPQ-11 show§ what ap- 
pears to be a thick cloud layer eVen* when in reality 
.there are two separate layers. However, if the 
TPQ-U shows a clear zone .between layers, you 
can be sure the dear zone exists. 

7-21. A phenomenon frequently observed but 
difficult to explain is the appearance of random 



signal returns. These random returns are called 
"angels'* perhaps because there is> no visible evi- 
dence to support their existence even though the 
TPO-1 1 "^ees" them. One explanation for them is 
the existence of small but pronounced, discontinui- 
ties of moisture. Whatever their cause, do not mis- 
take angles for clouds when they appear on the 
scope. Angels sometimes appear as a dense retunn, 
or the> appear as isolated, vertical lines on the re- 
corder chart. You can recognize them on the scope 
because they appear as momentary blips rather 
th^n as a persistent return that indicates the pres- 
ence of clouds. Angel activity is njore pronounced 
in warm temperatures and high humidity and espe- 
cially when conditions are favorable for convec- . 
tion. In summary, the TPQ-11 radar cloud detec- 
tion set helps you to determine cloud base and top 
heights. However, the information received is not 
always reliable. Consequently, you must interpret 
the data presented on the indicator. 
. 7-22. Visibility Measuring Equipment. Stand- 
ard items of visibility measuring equipment are the 
Transmissometer, AN/GMQ-10, and the Runway 
Visual Range Computer, AN/FMN-1. The trans- 
missometer operates oird|p principle of a beam of 
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Figure iS. AN/FMN-1 runway visual range computer. 
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light directed at a light-sensitive photocell. This 
' photocell is sensitive to the amount of light that it 
* receives and, therefore, registers any reduction in 
the amount of this light. An obstruction, sudh as 
rain, fog, or haze between tiie projector and the 
photocell reduces tiie amount of light that the pho- 
tocell receives. The percentage of reduction 
(tr^missivity) is converted by tables into linear 
visibility values. The transmissojneter primarily 
supplies a visibility value useful to the pilot rather' 
tiian a general value of how far one can see in all 
directions. Recall from figure 20 that the 
GMQ-10, TransmissQmeter, was placed alongside 
' the runway in order to measure tiiat specific visi- 
bility. 

7-23. Commonly, tiie FMN-1 computer oper- 
ates in conjunction with the transmissometer. The 
output pulses from the transmissometer receiver, 
which are proportional to visibility, provide^ the 
input information for the computer. The FMN-I 
does not replace or supplement the GMQ-IO. 
Using tiie same electrical data,, tiie computer sim- 
ply displays a different visibility measure.. The • 
computer subtracts background illumination and^ 
displays tiie resulting runway visual range in 
^ hundreds of feet A current visibility value is com- 
muted every 51 seconds (called tiie 1 -minute 
mean) as is tiie average of each group of ten 51- 
second values (tiie lO-minute mean). The I -min- 
ute mean is displayed on the primary indicator and 
the/1 0-minute mean on the secondary indicator, 
. figure 25. Turn on the computing set when* the visi- 
bility is reduced to 2 miles or less, or is expected 
to be reduced to 2 miles within 3 hours. The com- 
puter may be turned off if these conditions (or a 
local need) do not exist. 

7-24. Obtaining routine visibility from the 
measuring equipment normally poses no observa- 
tional problems. If you are measuring with the 
FMN-1 computer, it makes an automatic back- 
ground check when first turned on. Manual back- 
ground checks can be taken by depressing the 
background switch, figure 25, whenever you'think 
it is necessary. The computer stores and uses the 
last background check taken. If tiie active runway 
or visibility sensing devices are switched, you may ^ 
take a new background check for tiie rfinway in 
use. However, if you do this, the computed l-min- 
ute mean is unreliable for 3 minutes,, and the 10- - 
minute mean for afedut 11 minutes. The IV/z- 
minute period allows the computer to make a new 
background check (taking about three minutes) 
and a new 10-minute mean count (taking SVi 
minutes). . 

7-25. A. change in runway light setting may 
also render the current readout values on the com- 
puter invalid. A new 1 -minute readout appear^ in 
51 seconds, but the 10-minute readout takes SVz 
minutes to average 10 new values. The computer 
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has a light-setting switcli that you use to select the 
light setting for which you want the computer to 
compute vqkies. This switch does not set the run- 
way light intensity; it only affects the- computing 
function 6f tiie set. The light-setting lamps indicate 
tiie runway light setting tiiat is in use. If you want 
the runway visibility based on the current light set- 
ting, position the light-setting swatch to a setting 
identical with the illuminated light-setting lamp. 
Both Jjght-setting switch and lamps are pointed out 
in figure 25. Figure 25 also shows tiie light intens- 
ity detector which automatically decides between 
day and night illumination, and selects the proper 
computer funcfibn, 

7-26. Stations normally reporting runway visual 
range rely on tiie FMN-1 for data. Transmissome- 
ter operation is^minimized. When the transmissiom- " 
^ter is the primary measuring instrument, obtain- 
ing runway visibility requires you to take some 
simple precautions. Always correct the observed 
reading for l?ackground illumination. Do this be- 
^ . fore converting the reading to visibility frqm the 
prepared conversion tables. 

7-27. Occasionally you must also check the 
zero red3ing of the .GMO-10. This test will show 
the need for a "zero" adjustment by the techni- 
cian. Background and zero checks are the only 
two equipment checks you need to make. In addi- 
tion to these two checks, you may operate the 
transmissometer in two modes. At low transmis- 
sion readings, less tiian 15 percent, the GMQ-10 
offers an expanded scale feature. Place the trans- 
missometer range switch in HIGH . mode when 
transmissivity fs less than 15 percent. This action 
^simply multiplies by five tiie value indicated by the 
pen. A 10 percent value in LOW range becomes a 
50 percent value in HIGH range. The important 
point about HIGH mode is to divide the indicated 
value by five before converting to a reportable 
runway visibility. Changing the range switch to 
HIGH does not increase the sensitivity of the set. 
The same amount of projected and detected light 
applies to either mode. Your chances for accur- 
ately reading the low scale values improve with the 
expanded scale. 

7-28. Each transmissometer recorder chart 
must display as minimum identification the follow- 
ing entries: 

a. Station name, time check, date-time group 
(I^T), runway number, and length of transmis- 
someter baseline,'both at the beginning and ending 
of the chart. 

. b.- Time check and date-time grotfc (LST) at 
the actual time of each 6-hourly observation. 

Besides these two notations, enter 'time checks and 
date-time groups for the beginning and ending of 
maintenance shutdowns or other periods of inoper- 
ation, and notification of any aircraft mishap oc- 
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curring either ht or within the vicinity of your sta- 
tion. If the chart time differs from correct time by 
5 minutes or Wore, adjust the chart and enter a 
new time checkWthe chart 

7-29. Precipitaoon Gage, The standard rain 
gage (Sg. 26) in at Air Weather Service de- 
tachments is ^ very simple collection device. It col- 
lects precipitation for measurement, whether the 
precipitation falls in liquid or solid form. Despite 
certain limitations of collection under gusty and 
high wind conditions, the gage provides a fairly 
representative assessment of the amount of precip- 
itation that falls between specified measurement 
times. 
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Figure 26. Rain gage. 
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Figure 27. Aneroid barometer mechanism. 

7-30. In figure 26, the measuring tube (A) is 
held in an upright position within the overflow can 
(B) by the sleeve (C) that is attached to the 
collector-funnd unit (D). The collector-funnel 
unit directs the precipitation into the measuring 
tube beneath it. Another sleeve fits over the moirfh 
of the overflow can "and holds the funnel in place. / 
When completely filled, the liquid in the measur^ 
ing tube represents 2 inches of liquid precipitatior/. 

7-31. Liquid precipitation is measured by /a 
24-inch measuring stick that is graduated in hi* 
dredths of an inch and labeled every tenth or an 
inch. The measuring stick is made of redwood, 
which has a slow absorption rate. The sUck Aums 
very dark when it is wet, making it easy id read. 

7-32.-^ Insert the dry measuring stick ioto the 
measuring tube. Withdraw the stick after/ 2 or 3 
seconds asd read the precipitation depth to the 
nearest 0.01 inch at the upper limit of the wet por- 
tton of the stiqk; When the tube is completely full, 
eiifpty the contents and then measure the overflow 
by pouring it into the tube. This excess, plus the 
original 2 inches of liqiiid in the tube, is the total 
precipitation amount fc^ the observation period. 

7-33. When solid pniCjpitation /s expected, re- 
move the collector-funnel ^unit ana the measuring 
tube from the overflow oan\to facilitate collection. 
Since you are interestkd tn determining , water 
equivalents of solid predpitatu/n, melt the contents 
of the can before meafsuring the fallen amount. 
Pour a measured amount ot warm water into the 
can and then pour the resylting liquid into the 
measuring tube. Aftei[yeasuring the total liquid, 
remember to subtract the amount of warm water 
used to melt the sofid precipitation. The difference 
is the water equivalent of the solid, precipitation. 

7-34. During snowfall accompanied by strong 
or gusty winds, the amount of fall collected in the 
overflow containerynay not represent actual snow- 



fall Discard the gage measurement if you think a 
more repr^emative measurement can be obtained 
-j^Avertical core sampling on the grdund. To take .a 

' core sample, select a smooth, level, grassy area of 
ground and take several samples. Lay snowboards, 
2-foot square pieces of light-colored board, to sepa- 
rate different periods of snowfall. 
7-35.^ Pressore Instruments. Mercury barom- 

* eters measure pressure by means of a calibrated, 
known height of a mercury column. Because of its 
accuracy, the mercury barometer acts as the cali- 
bration standard for other types of barometys. 



Aneroid barometers measure pressure by the con- 
traction* and expansion of a bellows type vacuum 
cell. When properly calibrated, the aneroid barom- 
eter is highly accurate also, and since its measuring 
scale is easier to read than the mercurial scale, the 
aneroid barometer is used for routine hourly pres- 
sure measurements. The barograph is basically an 
aneroid barometer, but it also makes a continuous 
record of the pressure on a rotating chart called 
the barogram. Even though the* mercury barom- 
eter is more precise, the priority for barometer 
usage is the Oneroid barometer, microbarograph. 




Two methods are usually combined to overcome 
most of the effects of temperature^ One is to intro- 
duce a small amount of . inert gas in -the aneroid 

/-^u. ^Mrw,.v.w. cell as it is sealed, so that as temperature rises the 

eter, as shown in figure 27, consists essentigUjLQL--^ressure of the inert gas increases to help compen- 



aircraft-type altimeter, and mercury barometer. In 
the discussion that follows, ydu learn how pressure 
instruments operate and how to read them. 
7-36. Aneroid barometer. The aneroid barom 



an aneroid cell, often called a bellows (A), from 
which air and water vapor have been removed and 
a minute amount of dry, inert gas introduced. The 
bellows is sensitive to changes in pressure and ex- 
pands or contracts as the pressure decreases or in- 
creases respectively. The amount of change in the 
bellows is then magnified mechanically through a 
linkage (B) and gear system (D) to operate the 
pointer (E)"on the face of the barometer. The reli- 
, ability of the aneroid barometer depends upon the 
strength, flexibility, and resilience of the meffal 
used for the aneroid cell and its consistency of per- 
formance under varying conditions of pressure and 
temperature. 

7-37. An increase in temperature causes the 
metals of the aneroid cell and the spring, if any, to 
offer less resistance to compression and causes 
thermal e/pansion of the parts. If these effects are 
uncorrected, the* indicator of the aneroid barom- 
eter varies with both pressure and 'temperature. 



sate for the weakening of the force of the spring 
action. The other method is to use a bimetal tem- 
perature compensation shaft (fig. 27,C) built into 
the mechanical apparatus, so that as temperature 
rises, the difference in expansion of the two metals 
causes the shaft to bend slightly. Because of the 
function of the shaft in the' mechanism, this bend- 
ing produces a slight shift in the indication of the 
pointer; You can see that it i§ necess^ to place 
the aneroid barometer where there Is no vibration 
and where the tempetaturc is as constant as possi- 
ble to obtain the most accurate pressure readings. 
Ev^n so, you must compare the aneroid barometer 
reading with the mercurial barometer reading .two 
times, at" 6-hour intervals, on the same day of the 
week. You use each weekly comparison Jto com- 
pute the average correction applied to aneroid ba- 
rometer readings until the next comjiarison. The 
tolerance for the comparison reading is ±0.01 
-inch or ±0.3 millibar. 
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Figure 29. Micfobarograph MLr563/UM. ^ 3 
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7-38. The aneroid barometer scale is generally 
^aduated in inches, tenths, and two' one-hun- 
dredths; however, the scale graduations are large 
enough to accurately determine the pressure to the 
nearest 0,005 inch, as requited. There is a definite 
procedure for reading the aneroid barometer just 
as there is' for the mercurial* barometer. First, tap 
the face of the instrument lightly with yoOf finger 
to reduce the effect of friction. Re3d the indicatfoa 
^ to the nearest 0.005 inch, or if calibrated in milli- 
bars, to the nearest 0. 1 jujllibar. Estimate values 
between the scale graduations. Figure '28 illus- 
trates a reading of 29.980. To read the pressure 
accUratelJ', adjust your line of'^ight so that the 
pointer and its image in the silver ring are aligncct. 
When you have determined the correct readirtg, 
you must apply the instrument correction, as de- 
termined from AWS Form 85. Test. Barometer 
Comparisons., to determine actual sitation pressure. 
' 7-39. Microbarograph. A microbarograph is a 
recording aneroid barometer that has a pen to, 
make a trace of pressure Variations on a chart thai 
has a magnified scale. The barograph shown i*n - 
figure 29 is the type most oftfen found in Air 
Weather Service stations. On this barograph, the 
chart shows a 1-inch pressure change over a verti- 
cal distance of 2.5 inches. This is known as a 
2,5: 1 ratio of pressure change magnification. , ' 
. 7-40. The barograph has two Bellows that rc- 
. spond to pressure by expanding and contracting. 
These responses pass through a linkage that mag- 
nifies the movement and ends in a p.en arm and 
pefi. The pen in turn makes an ink trace on ^he 
barogram. The barogram is mounted on a vertical' 
cylinder, driven by a clockwork mechanism (8 
day) sjd that the drum rotates at. n uniform rate, 
usually 1 revolution every 4 days. • ^' 

7-41. Again, as in aneroid barometers, temper- 
ature variations can cause barograph errors. The 
error is compensated for in the same way as in the 
aneroid barometers. Additionally, barographs arc 
equipped with either dashpols or a damper to 
damp out the effects of vibrations and small-scale 
pressure fluctuations.* The damper can be adiustcd 
when the pen of the barograph shows excessive 
vibration. Also, just as the aneroid barometer, the 
barograph is not an absolute instrumfilH: therefore. . 
it must be set (when used as the primary instru- 
mefnt), using the mercurial barometer the sta- 
tion standard. \ 

7-42. You must set the barograph to the cor- 
rect pressure when you change the charO The 
chart is divided into inches, tenths, and two onc- 
hundredths inch- of pressure, just like the aneroid 
barometer. You, however, must read the micro- 
barograph to the nearest 0.005 of an inch to satisfy 
the requirements for station pressure. It is tUso di- 
vided into hours so that the pen trace can be set 
for a certain time of day. Set the pressure to the 
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nearest 0.01 inch by adjusting the knurled knob 
^ atop the pre^sUre-cell housing. Set the time by 
turning the chart cylinder counterclockwise until 
the penpoint indicates the proper time on the time 
divisions of the chart. Although the barograph 
chart is printed with a 4-day time scale. Air 
Weather Service units use it for 8 days by obtain- 
ing a ^second 4-day trace on each chart. Enter^ the 
beginning date of the trace on the chart. 

7-43. Mercurial barometer The mercurial ba- 
rometer ML-2 consists qf^a glass .tube approxi- 
mately 36 inches long with a ^,^-inch internal di- 
ameter. The top of the glass tube is sealed, and the 
bottom end opens into a reservoir called the cis- 
tern. During manufacture, the tube is filled with 
mercury and inverted in the cistern. As the tn^r 
cury drains from the tube into the cistern, an al- 
most perfect vacuum- is created in, the top of the 
tube. The vacuum is necessary so that, as the at- 
. mospheric pressure outside the tube changes, the 
mercury in the tube can move up and down with- 
out a back pressure from air trapped inside the 
tube. Unfortunately, however, it is very difficult to 
fill a barometer lube without trapping small 
amounts of air, water, and mercury vapor in the 
space above the mercury. Therefore, an instru- 
mental correction is computed and applied to all 
mercurial barometer readings to compensate for 
tjiis defect 

7-44. Despite careful attempts to construct a 
precision instrument, certain unavoidable instru- 
ment errors occur. Brieflj^, these errors require 
correction for; j " 

a. Inaccurate zero setting or scale calibration. 
- b. Capillarity (frictional effect between the 
mercury and the glass tube). 
c: Imperfect vacuum (in the top of the glass 
tube).. * 

The instrumental error for a barometer is deter- 
mined and entered on DD Form 744 at the manu- 
facturer's laboratory. The form accompanies the 
barometer to its point of installation where more 
corrections are needed to fit the barometer to its 
geographic location. These corrections compensate 
for errors caused by: > 

( 1 ) Gravity and altitucje abo\4 sea level. ^ 

(2) Removal (theVertical distance between the 
elevation of the ivory point and station elevation). ^ 

(3) Instrumental residual errors (caused by 
environmental differences between laboratory and 
site). 

All of the instrument and location corrections are 
entered on DD 744 and, when totaled, make up 
the Sum of Correc^ns. C 

7-45. Before you take an ,|)bservatioa of the 
station pressure, you must determine the tempera- 
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ture of the air surrounding the barometer. Use this 
temperature value, obtained from the attached 
thermometer, to compute the temperature correc- 
tion. After you determine the temperature, adjust 
the <mercury in the cistern. Always lower the mer- 
cury in the cistern, by means of the^is.tem adjust-, 
ing screw, to a short distance below the ivory, 
point. Next, adjust the mercury level up to approx- 
imately Vio inch below the ivory point and gently 
tap the metal cistern and theTbrass casing near the 
top of the mercury colimm. This helps to over- 
come the friction between the mercury and the 
glass. It , also helps the mercury to assume its 
proper shape. Again adjust the m^ercury level imtil 
it just touches the ivory point,, and the background 
light just disappears between the point and the 
mercury surface. When the setting is correct, there 
should not be even a slight dimple where the ivory 
point makes contact with the mercury surface. If 
the mercury surface is bright and the setting cor- 



rect, the tip of the ivory point appears to coincide 
with its Reflected image on the mercury surface. 

7-46. The next step is to adjust the vernier near 
\hc top of the mercury column (the meniscus). 
Again tap the metal casing near the meniscus so 
that it assumes its normal rbunded shape. Raise 
the ve/nier above Uie meniscus and lower it very 
slowly to near th^ top of the mercury coliimn. 
Stand so that your eye is on a horizontal line of 
sight to the top of the mercury column. Slowly ad- . 
just the vernier downward with the knurled knob 
until the lower edge lies on top of the mercury col- 
umn, as shown in figure 30. 

7-47. To read the height of thft mercury col- 
umn, you must understand the scales attached to 
the barometer. Generally, the mercurial barometer 
is read, in inches to the nearest O.GOl inch; how- 
ever, some stations use a millibar scale that is read 
to the nearfest 0.01 millibar. Our discussion centers 
on the inch^cale. The permanent? scales on the ba-» ^ 



SCALE.VERNIER RATIO 24:25 
SMALLEST INTERVAL .002 in 



24:25 
..002 in 



19:20 
.05 mb 




SCALE READING 31.150 
VERNIER INCREMENT .006 
BAROMETER READING 31.156 




29.300 
' .017 
29.317 




rlQOO 



25.79 



1005.00 
:65 
1005.65 



Figure 30. Mercurial barometer scafe i^fngv 
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Figure 3 1. Sling psychromctcr. 



^ rometer are graduated in inches, tenths, and five 
onc-hundredths. The vernier scale is graduated to 
0.002 of an inch. Take the first portion of the 
reading from the fixed scale directly opposite the 
index (the bottom line or top-o^ the meniscus) of 
the vemieiv. In the inch scale shown in figure 30,A, 
the index shows a reading on the fixed scale be- 
tween 31.15 and 31.20 inches. From the fixed 
scale, always read'the value of ffie line nearest to, 
but still below, the Index; in this case, 31,15 
inches. Having read the fijfed scale, proceed to 
check for one of two conditions to read the value 
from the vernier. 

7-48. One condition is the presence of a line on 
the vernier directly opposite ^ line on the fixed 
scale. If this is so, read the value of hundredths 
and two one-thousandths of an inch to be added to , 
the fixcci scale reading. As shown in figure 30,A, 
the value is 0.006 inch, and the barometer reading 
is'31.156 inches. 

. 7-49. The second condition is the absence of a 
jine on th? vernier aligned with a line on the fixed 
scale. This is shown in figure 30,B. In this case, 
two lines on the vernier are between two lines on 
the fixed scale; this is the point that you must eval- 
uate. This condition produces a value of hun- 
dredths and one one-thousandths of an inch to add 
to the fixed scale reading. In figure 30,B, the scale 
reading is 29.30 inches; the vernier reading is be- 
tween the third and fourth graduations that are be- 
tween, the numbers 1 and 2 (0.01 and 0.02). The 
vernier value is '6.0\7 inch, which, xvhen added to 
the^scale value of 29.30, gives a barometer reading 
of 29.317 inches. Figure 30.C, shows a millibar 
scale, and the scale reading plus the vernier read- 
ins re.*;uys in a barometer reading of 1005.65 mil- 
liblnrs. The scale-vernier ratios shown in figure 30 
denote the ratio of scale divisions to the vernier di- 
visions. 

7-50. If you should find anything unusual with 
either of these baromet^s or the barograph, in-. 



fomtthe weather equipmeny^phnician. The-inter- 
mediate maintenance representative is responsible 
for mechanical and calibration adjustments. Cali- 
bration comparisons of the mercurial barometer 
are made, from a master mercurial barometer, 
ML-330/FM, by the intermediate maintenance 
shop. The master barometer is certified at regular 
intervals by the base Precision Measuring Equip- 
ment Laboratory (PMEL). 

7-51 . TemperaftireoHQmidjty Measuring Instm- 
ments* There are several types of thermometers, 
classified acc6rding to theu- construction. Liquid- 
in-glass thermometers contain either mercury or 
alcohol. Mercurial thermometers are used in the 
Temperate and Tropical 2^nes. The general-pur- 
pose mercurial thermometer has a temperature 
range of -35*' F. to +125° F. There is also a 
mercurial thermometer with a tropical temperature 
range of + 10° F. to + 145*^ F. Since mercury has 
a freezing point of approximately -39° F, the al- 
cohol thermometer is used in Arctic regions. The 
use of alcohol was adopted because of its low 
freezing point Arctic thermometer have a tem- 
perature range of -90° F. to +90° F. There are 
also electrical thermometers* These thennometers 
work on the principle that a change in temperature 
causes a change in electrical current by using ei- 
ther a thermocouple or thermistor. This section 
discusses obtaining temperature from the psy- 
chrometer and operation of the 1>IQ-11, Humid- 
ity-Temperature Set. 

7-52. Psychrometer. The^ssychrometer consists 
of a metal backplate with two liquid-in-glass ther- 
mometer tubes fastened to it so that the mercury 
bulb of one tube extends approximately 2 inches 
beyond the bulbtii) of the other tbbe. This ther- . 
mometer, the wet-bulb thermometer, is extended 
so that you can dip it in water without moistening 
the dry-bulb thermometer. Rgure 31 is an illustra- 
tion of the sling psychrometer, showing the posi- 
tion of the thermometer tubes. *At the upper left, 
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notice the mck tied to the end of the wet-bulb 
thermometer. 

7-53. There are several ways to moimt the psy- 
chrometer and to ventilate the wet bulb. Within 
the instrument shelter, you can hang the.psychrom- 
eter in front of a handcranked fan*, fasten it to a 
crank that whirls the psychrometer, fasten the 
backplate to a clamp that holds the psychrometer 
in front of the intake of a motor-driven aspirator, 
or, mpre simply, use the psychrometer with the 
sling shown in figure 31. 

7-54. No matter what method you use, there 
are certain procedures you must follow in moisten- 
ing the wet bulb and ventilating the psychrometer. 
Two temperatures are obtained from the psychrom- 
eter-the dry-bulb temperature (free air) and the 
wet-bulb temperature (temperatures reached by 
evaporational cooling). 

7-55. Moisten the wet-bulb musfin with clean 
water just before ventOating, even though it ap- 
pears wet when the humidity is high. When the 
temperature is high and the relative humidity is 
low, moisten the wet bulb several minutes before 
taking the reading. Make sure that the wick is sat- 
urated and a small drop of water forms on the end 
of the bulb. This prevents the wet bulb from 
drying out before the temperature reaches its low- 
est value. In extremely dry areas (desert, semides- 
ert, etc.), precool the water. Store the water in a 
porous jug for this purpose, but do not keep the 
water in the instnmient shelter, since this alters the 
moisture conditions .within the shelter. When this 
procedure is not completely effective, do the fol- 
lowing; Replactf the regular muslin wick with one 
that extends several inches below the tip of the 
thermometer bulb, so that the wick extension can 
be immersed in water. Before ventilating the wet- 
bulb thermometer, remove the wick from the 
wqjter until you obtain the wet-bulb temperature. 

7-56.- When the dry-bulb temperature is 37® R 
or below, .use water that has been kept at room 
temperature to completely remove any accumula^ 
tipn of ice (frost) from the wick on the wet-bulb 
thermometer. Moisten the mck thoroughly, at 
least 15 minutes prior to ventilating, to permit the 
dissipation of latent heat Do not allow excess 
water to remain on the wick, since a thin, thor- 
oughly cooled coating of ice is .necessary for accur- 
ate wet-bulb temperatures at 37° F. or below 
(free air temperature). 

7-57. When you expect that the wet-bulb tem- 
perature will be 32® F. or less, moisten the wick a 
few minutes before taking the reading and allow 
some natural evaporation to occur. This aids in 
reaching a wet-bulb temperature that is near freez- 
ing, and whea the bulb is ventilated, freezing is fa- 
cilitated. If ice does not form, touch thj^ck with 
ice, snow, or some cold object to aid ml^ming 



the ice. Continue to ventilate, and take the reading 
when the wet-bulb temperature reaches its lowest 
value. 

7-58. After properly moistening the wet bulb 
according to existing conditions, ventilate the psy- 
chrometer. To insure proper ventilation, the air 
should pass over the psychrometer bulbs at a mini- 
mum speed of 15 feet per second. The psychrome- 
ter aspirator ML-480/GM, a motor-driven fan 
used at Air Force stations, provides the proper 
ventilation. If you use. the sling psychrometer, 
swing the instrument so that it revolves at two rev- 
olutions per second. When you use the crank- 
driven fan or the direct-drive rotor, turn the crank 
at a speed of 314 revolutions per second, and 
when you use the geared crank, turn it at approxi- 
mately one revolution per second. 

7-59. Ventilate the instnunent for about 10* 
seconds and then quickly read the wet-bulb tem- 
perature. Repeat this procedure until two succes- 
sive wet-bulb readings are the same. This indicates 
that the wet-bulb temperature has reached its low- 
est point If the wet-bulb temperature rises be- 
tween successive readingst remoisten the wick and 
ventilate the thermometers again. Accurate read- 
ing is especially important at low temperatures, 
since a given wet-bulb depression has a greater ef- 
fect at lower temperatures on the accuracy of hu- 
midity computations. 

7-60. When you use the sling psychrometer, 
certain special precautions must be observed. You 
must whirl the psychrometer in a space that is 
clear of obstructions and in as much shade as pos- 
sible. At times, the only shade available is that of 
the shelter and your body; however, whirl the psy- 
chrometer as far from your body as possible so 
that body heat does not affect the readings. If at 
all possible, face into the wind. Proper ventilation 
of the sling ps^^chrpmeter is illustrated in figure 32, 
using the body and the shelter as shade and whirl- 
ing the instrument while holdinglt away from the 
body. 

7-61. In reading the thermometers, there ^e a 
few precautions that you must observe. First, stand 
as far-away from the thermometer as is consistent 
with accurate reading to. prevent your body heat 
from affecting the reading, .Second, make certain 
that your line of sight is perpendicular to the ther- 
mometer tube at the top of the liquid column, as 
shown in figure 33. This avoids introducing an 
error of parallajc. Read the thermometer Jo the 
nearest O.P. Make sure that the proper tfts val- 
ues ire used for the temperrUure reading.^ 

/7-62. At. many Air Weather Service detach- 
ments, where the automatic Humidity-Tempera-* 
ture Set, AN/TMQ-11, is installed, tiie instru- 
ment shel;er has been removed. (The 
AN/TM(}pll will be discussed later.) Where 
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there is no instrument shelter, the psychrometer is 
kept in the observation site. When it is nefiessary 
to use the sling psychrometer to verify that the 
TMQ-11 is operating properly or to use it for 
temperature readings when the automatic unit is 
inoperative, the psychrometer must be taken from 
the office and exposed to the outside free afa* for a 
period of time to obtain the propes indications. 

7-63. Humidity'Temperature Set, AN/TMQ- 
11. Most commonly used at fixed Site observing 
stations, is the AN/TMK-11, Humidity Tem- . 
per^ture -Set, a type of electrical thermometer. 
Often the TMQ-11 is referred to as a hygro- 
thermometer because it also measures dewpoint 
temperature that ^ves an indication of humidity. 
The humidity-temperature set operates continu- 
ously, 24 hours a day. Read all temperatures to the 
• nearest degree. JDegrees correspond to the ceiitcr qf 
degree markings of each indicator; that is, the mid- 
dle of the degree marks and not the edges or spaces 
between them. Obtain temperature and dewpoint 
readings from the standby system when the 
. TMO-11, used as the standard,- exceeds 1^ F.. 
error in dry bulb or 2^ F. in dewpoint 

7-64. Occasionally, the dewpoint indicator reg; 
isters the same or a higher temperature than the ' 
ambient (free air) temperature, especially during 
fog or precipitation. In this case, if no equipment 
error is suspected, consider the dewpoint to be the 
same as the temperature unless ice fog is present. 
Under ice fog conditions, assume that the dew- 
point with respect.to ice is the same as the temper- 
ature, and convert the dewpoint from ice to water. 

7-65. Wind Measuring Set. Two sets, AN/ ' 
GMQ-20 and AN/GMChll, provide fixed-sta- 
tion surface wind measuring an*3 indicating. Wind 
sets are oriented to magnetic north, A recorder 
may be used with thp GMChl 1 and the GMO-20 
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comes supplied with one. The GMQ-20 offers one 
important advantage over the GMQ-11; it can ac- 
commcJ^iate many more readouts (indicators or re- 
corders). These wind measuring sets can measure 
windspeeds up to 240 knots on the recorder. Indi- 
cator range is from'^O to 120 knotsf To record 
speeds over 120 knots, you must switch the re- 
corder to high range. Obtaining windspeed or direc- 
tion from the indicator or recorder is not difficult, 
as you know. You must remember to convert mag- 
netic to true direction before longline dissemina- 
tion. Figure 34 shows the GM(5-11 indicator and 
RO-2 recorder. 

7-66. Operation of the GMCJ-U requires very 
little of your effort Operate the set in the 0- to 
120-knot low range. Recorder chart speed is nor- 
mally 3 inches per hour, but it can be changed to 6 
inches per hour to give a clearer record of changes 
ih speed or dire<ition. This conversion of chart 
speed is done by an equipment technician only. 
When you change the chart roll, enter the station 
name, date, and time that the record began at the 
Beginning of each roll. Also, ente^ the station 
name, date, and time that the record ended at the 
end of each roll. After the chart is changed and 
the time is set, enter a time check, at each 6-hourly 
observation by drawing a short line and entering 
the date and local tim^ on the chart. You must 
change charts at 0000 LST (Local Standard 
Time) on the first d^y of each month. This is a 
mandat9ry ' requirement. When the recorder be- 
comes more than 5 minutes in error, adjust. the 
chart to the correct time,, and indicate the adjust- 
ment by means of an arrdw and note the time of 
adjustment. If the chart feed rate is changed, indi- 
cate this by a short line and a notation such as 
"Begin3in/hr.*' 

7-67. Wind measuring sets ?re easy to operate 
compared to the operation of the radar storm de- 
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tcction set discussed in the next section. Refer now 
to your workbook and answer the chapter review 
exercises for Section 7. 

8. Storm Detection Radar 

8-1. The AN/FPS-77 is a radar set designed 
specifically to* detect meteorological phenomena. 
Radar uses the same principles of operation as 
radio. In fact, radar is the acronym for RA^xo 
Detection ^nd iianging. The fact that short pulses 



^opHgh-frequeric> radio waves reflect from objects 
that they strike makes radar possible. Today's 
weather radar detects precipitation, water droplets, 
ice cr>'stals, or snowflakes since these reflect the/ 
transmitted radar energy. The wavelength of the 
transmitted radar signal is a critical feature that 
determines the sensitivity of the weather radar re- 
lative to droplet size. Shorter wavelengths detect 
smaller droplets.. Since the FPS-77 is designed as 
a storm detection radar, it operates at 'a longer 
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Figure 37. RHI scope presentation. ^ 

wavelength (5.4 centimeters) jthan earlier weathe.- 
radar sets. This longer wavelength allows the set to 
detect storm cells and to have less attenuation 
from precipitation. This following discussion of 
radar includes the types of scopes, the operational 
features, radar terms, techniques of scope interpre- 
tation, and care of the set^ 

8-2. Radarscopes. Three types of scopes are 
used on FPS-77 radars. Each scope presents a dif- 
ferent radar view of the echo. Also,^a remote PPI 
• (plan position indicator) scope is available. Figure 
35 shows the FPS-77 console. The PPI scope (E) 
is located in the center of the console, with the 
■controls located on 'the scope panel. The RHI 
(range anjl height indicator) (B) and the A/R 
Cazimuth and range) (A) scopes are located 
above the PPI scope on the upper panels. The am- 
plifier detector (C), console power supply (D), 
power distribution panel (F), and the reference 
signal generator (G), are discussed later" in the 
text. 

8-3. Azimuth and range (A/R)* Figure 36 
shows the A/R scope which displays the range and 
relative intensity of weather targets. The video 
gain control (A), astigmatism control (B), strobe 
gain control (C)y strobe positioning han^wheel 
(D), intensity control (E), range selcQtor switch 
(F), and r^nge marks gain control (G) are all 
functions of controlling the target picture for maxi- 
mum interpretation, of the target; as you progress 
with your on-the-job training your trainer will 
teadh you proper use of each control. On this 
scope, the sweep travels across the face of the tube 
from left fo right in a straight line, (trace 5weep) 
figure 36. When an echo is received, a "blip" ap> 
pears and extends above the sweep, as shown in 
figure 36 (target). With4he set operating in range 
normalization nTode, the height of the blip is pro- 
portional to the intensity of the echo— the higher 



the "blip," the stronger the echo. This scope also 
shows the distance of the echo from the radar site. 
When you use this scope, the antenna must .be sta- 
tionary and pointing towards the echo. A range 
strobe (shown in fie. 36) permits you to expand 
any 5-mile sector Song the azimuth bearing so 
that it occupies the full width of the display. The 
main bang (shown in fig. 36), permits you to see 
what part of the sweep you are strobing. 

8-4. Range; and Height Indicator (RHI). The 
range-and height indicator (shoM^ in fig. 37) pre- 
sents a vertical cross section of the echoes along 
any azimuth from the earth's surface to the height^ 
limit of uic scope. Of coarse, you must stop the 
antenna rotation at the azimuth where you want to 
view the vertical cross section. Operate the an- 
tenna so that it oscillates in a vertical plane when 
you use the range and height indicator. As shown 
in figure 37, you can manually raise the antenna 
by turnnig the handcrack clockwise (CW), and 
lower it by tui-ning the handcrank counterclock- 
wise (CCW). Range markers are also displayed 
on the face of the scope in figure 37. The RHI 
scope has two scales. This scope may be set to 
scan echoes up to 40,000 feet, or it may be 
switched to double the scale (thus detect echoes 
up to 80,000 feet within 120 nautical miles). 
Using the RHI in conjunction with the. PPI echo 
storage feature, .you. get an accurate three-dimen- 
sional interpretation of the precipitation pattern. 

8-5. Plan Posidon Indicator (PPI). Figure 38 
shows the PPI scope that presents a maplike pic- 
ture with the positibn of the antenna at the center. 
It indicates range and azimuth (direction) 
throughout 360^. Range markers appear as con- 
centric circles about the center of the scope. The 
FPS-77 PPI scope has many advantages over pre- 
vious weather radar PPI scopes. It can be viewed 
1.1 a well-lighted room, and it is larger for greater 



SWEEF 




10 MILE 
KANGE 
MASKS 



35*4 



Figure 38. Main PPI scope presentation. " 
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det^, therefore more accurate in locating targets 
..j^^th respect to surrounding geographical land- 
'marks. 

8-6. The sweep ranges on the PPI scope are 30, 
60, 120, iati4,^200 nautical miles] In addition, the 
fcain PPI hats a storage feature that allows the op- 
erator to^^etajn a hojizontai pictiire of the echoes 
on the i|^^in PPI sdbpe while he makes vertical 
^^>«o;ins at several pointy through the echoes. 

8-7. Remote inS'Catpr. The iremotei indicator 
shown in figure 39 Is'housed In a/single metal cab- 
' Siet. It can be located jas far ai 5500 feet away 
from the^ niain consol6.^ The remote indicator re- 
peats the'-'^is^lay of «fe fconsoleCTl. Signals to the 



console PPI are also applied -'to the remote PPL 
The two scopes are nearly identical; the remote 
PPI, however, iacks the cotitrol switching. Con- 
trols at the remote PPI are limited to CRT (cath- 
ode-ray tube) controls, such as focus and inten- 
sity. The remote PPI operates only when the 
console PPI operates. 

8-8. Radar Tirms. There are numerous techni- 
cal terms associated with radan However, we are 
primarily interested in terms used to describe the 
display of weather phenomena' on scopes. Some of 
these terms are: 

• Attenuation. 

• Resolution. 

• Refraction. 

• Anomalous propagation. 

8-9. Attenuation, Radar, attenuation is a reduc- 
tion of radar energy caused by reflection, absorp- 
tion, or scattering. Although the gases of the at- 
mosphere cause some attenuation, the quantity is 
negligible. Most attenuation is caused by water 
vapor, cloud droplets, and liquid precipitation. Of 
these, liquid precipitation or dense concentrations 
of large water droplets in cumulonimbus clouds 
cause more attenuation than water vapor. As the 
transmitted radar energy intercepts a precipitation 
area, part of the energy is reflected back to the an- 
tenna ai?d is displayed as an echo. Some of the en- 
ergy is absorbed by the precipitation, and still 
more is scattered or dispersed so that it is not re- 
flected back to. the antenna. This results in less 
available transmitted energy to detect targets be- 
yond the precipitation area. The heavier the pre- 
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Figure 42. Extension of the radar horizon due to refraction. 



cipitation, the ^eater the return signal (also the 
brighter the echo); consequently, the attenuation 
is more pronounced beyond that echo. This .ex- 
plains" the existence of the V-shaped notch on tjie 
far side of a heavy precipitation echo. 

8-10. Resolution. Resolution is the ability of 
the radar set to differentiate between two targets. 
When two targets come within a certain distance 
of one another, they appear as one echo on the 
scope. There are three types of target resolution — 
bearing, elevation, and range resolution. 

8-11. Bearing resolution is the ability of a radar 
set to separate two closely spaced targets at the 
same range and elevation. Bearing resolution is a 
function of radar beamwidth. Figure 40 illustrates 
the effect of beamwidth in target separation. In de- 
tail A, the distance between the targets is greater 
than the beamwidth, allowing for a "break" in sig- 
nal return as the beam passes between the targets. 
Detail B illustrates the effect of the beam as it 
passes from one target to the other when they are 
less than a beamwidth apart. There is no interrup- 
tioh in signal return. Signals begin returning from 
the second echo before signals stop returning from 
the first echo. The scope shows these two targets 
as a single echo. This explains why a solid line of 
echoes sometimes-appears to break-up into indi- 
vidual cells as the line approaches the. radar site 
and appears to merge into a solid line again as it 
moves away from the radar. For example, suppose 
the echpcs in detail B of figure 40 represent targets 
at a 100-mile range. Should these targets move 
within 15 or 20 miles of the radar, they would 
likely appear as two targets even though the dis- 
tance between them remains unchanged. 

8-12. Range resolution is the ability of a radar 
spt to differentiate between^two targets at the same 
bearing but at different ranges. It is a function of 
the pulse length rather than beamwidth. The 
shorter the pulse length, the better the resolution. 
The FPS-77 has a pulse length of 2 microseconds 
(equivalent to 600 meters). This limits the dis- 
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tance between discernible echoes at the same bear- 
ing to 300 meters or 984 feet. 

8-13. Figure 41 illustrates why range resolution 
is equal to half the pulse length. As the leading 
edge of the pulse reaches the more distant target 
(B) and begins returning signals, a 50-meter por- 
tion of the pulse is still returning signals from the 
nearer target (A). As the trailing edge passes from 
the first target and ceases to return signals, the re- 
flected signal from the leading edge of the pulse 
has traveled Back 50 meters. As a result, there is a 
50-meter separation between the last signal re- 
turned from the nearer target and the first signal 
returned from the more distant target. If. the differ- 
ence between the two targets were only 75 meters 
(or half the pulse length), the signals reflecting 
from the more distant target (from the lejiding 
edge of the pulse) would return to the first target 
just as the reflection of the trailing edge of the 
pulse was leaving this target. This results in both 
reflections traveling back to the radar together 
with no separation between them to appear as one 
target on the scope. Therefore, for a given pulse 
length, the minimum distance between two targets 
for individual target display, within range, must be 
greater than one-half the pulse length. 

8-14. Elevation resolution is the ability of a 
radar set to differentiate between two closely 
spaced targets that are positioned at the same 
range and bearing, but at different elevations. 
Again, it is a function of the beamwidth. Since the 
'beam of the FPS-77 is conical in shape, the verti- 
cal and horizontal beamwidtbs are identical at any 
given range. Consider, for example, that instead of 
a horizontal sweep, detail A of figure 40 repre- 
sents a vertical sweep from 0 to 4°. Therefore, the 
difference in elevation between the two targets is 
sufficient to display the echoes at two different ele- 
vations as the aptenna is raised from 0 to 5°. Ele- 
vation of the beam through the targets as s^iown in 
detail B of figure 40, however, would display only 
one echo, since the vertical distance between tar- * 
gets is Less than the beamwidth. Another factor af- 
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fecting resolution or even detection, is the refrac- 
tion of the radar beam as it passes through the 
atmosphere. 

8-15. Refraction. Density differences cause the 
bending of the radar waves through the atmos- 
phere. Under normal atmospheric- conditions, 
when there is a relatively gradual decrease in tem- 
perature and water vapor with height, the^ radius of 
curvature of the radar beam for nearly horizontal 
propagation is about one-third greater than that of 
the earth. Thus, as shown in figure 42, the radar 
horizon is about 15 percent greater than the opti- 
cal horizon. [ 

8-16. Anomalous propagation. Under abnor- 
mal atmospheric conditions, the beam can be re- 
fracted or distorted so that it causes echoes to ap- 
pear on radar scopes wfiere no clouds exist The 
most significant effect, however, of anomalous 
propagation (AP) is that it often displays targets 
at a range other than the actual range of the target. 
A point to remember is that during precipitation, 
the conditions that are favorable for AP arc nor- 
mally absent. Beware when inversions are present! 

8-17. Operating Controls* There are numerous 
controls on the console — too many for this discus- 
sion to cover. It is important for you to remember 
that some of these controls are sensitive, and that 
damage to the set or impaired operation may re- 



sult if you misadjusted them. A thorough training 
program will help insure proper use of the equip- 
ment. This section discusses some of the controls 
that you will use most fretjuently; it will help you 
to . understand some of the capabilities of the 
FPS-.77. 

8-18. IF. attenuator. The attenuator control 
(located just below the NOISE METER, fig. 
43, B) allows<you to vary receiver attenuation from 

0 to 109 db in 1-db steps. The main purpose of 
the IF attenuator is to permit comparison of target 
echo intensities by the "gain reduction methods." 
Using the attenuator gain reduction allows you to 
pick out the stronger cells. It also permits an ob- 
servation of highl> reflective weather phenomena 
(such as "bright band" in stratiform rain) that 
would otherwise be masked by the sunounding v 
area of reflectivity. 

8-19. Range normalization. lOIe RANGE NOR-. 
MALIZATION switch (fig. 43,E) causes targets 
of equal density or size within the normalized 
range to be displayed at their respective inten- 
sities. Without range normalization, the nearby 
target (in most cases) appears to be the strongest 
because of its location, whereas a target farther 
away might actually be the stronger in intensity. 
Normalization is provided over a range of 1 to 30, 

1 to 60, or 1 to 120 nautical miles, depending on 
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Figure 43. Main PPI scope and reference signal generator. 
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the position you select with the RANGE NOR- 
MALIZATION switch. 

8-20. ISO ECHO contour and alarm. The ISO 
ECHO contour facility permits targets of very high 
density (such as storlh centers) that are sur- 
rounded by areas of moderately high density to be 
clearly displayed. Because of the high signal 
strength of the target returns, the IF postamplifier 
always operates in the logarithmic mode during 
weather conditions in which ISO ECHO is*useful 
(fig. 43,F). When ISO ECHO is used, video sig- 
nals with amplitudes that exceed a predetermined 
threshold level are displayed as if their amplitude 
Were zero. Thus, a storm center appears on the 
^ PPI scope as a highlight surrounded by a dark 
patch whose density decrqg^ses gradually towards 
the fringes of the storm. 

8-21. There is also an alarm feature/ for the- 
ISO ECHO circuits (fig. 43,C). This feature is 
helpful and time saving. For instance, suppose you 
are working in a weather station and you observe 
clouds developing. You want to be aware of qny 
heavy development, should it occur. Set the alarm; 
this will enable you to take care of your regular 
duties without the frequent "cloud growth" checks 
that are necessary when there is no alarm. When 
the signal reaches the intensity level you have se- 
lected, the alarm buzzer sounds to alert you to the 
increased development of the clouds. In this way it 
prevents cloud development from going unnoticed 
while you are busy with other things. 

*8-22. Echo memory. Echo memory is a new 
feature on weather radar?. The I^PI scope has a 
dark-trace, stored-pattel^|kbe that^etains th6 tar- 
get pattern until it is denberately erased. This also 
permits a target pattern to be observed and photo- 
graphed without the confusion caused by a moving 
trace. To preserve the life of the tube, it is impor- 
tant that you make no attempt to increase the con- 
trast beyond that necessary to make the targets 
and range marks visible. Advancing the INTEN- 
SITY controls beyond this point makes the pattern 
difficult to erase and may burn the screen of the 
CRT. Do not use either the writing or thp erasing 
facilities more often than is operationally neces- 
sary. Now that you know the capabilities of radar 
sets, you have taken an important step toward 
learning observational techniques. 

8-23. Radar Observing Techniques* Radar 
echoes of cloud and precipitation areas are classi- 
fied according to their general appearance. This 
classification is standardized to make itVasier to 
report echo data and decipher radar weather mes- 
sages. Whenever you use the weather radar set, 
you ultimately make these first classifications auto- 
matically with each echo you observe. Observation 
techniques vary from one operator to another, as 
well as with the radar type that is u$ed. Although 
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Figure 44, Effect of gain reduction on scope display. 

observation methods vary slightly when operating 
different radars, the differences result in only two 
areas — the name g#the controls and the capability 
of the ^ sets. This discussion is related to*' the 
FPS-77, since it is planned to^ be the mainstay 
AWS radar set in the 1970s. 

8-24. Echo character and coverage. When an 
echo first' appears on the scope, the first thing you 
must consiider is how to classify the echo. To clas- 
sify for reporting purposes, you must think of con- 
figuration, coverage, continuity of pattern, and 
meteorological processes. Foldout 5 is a synopsis 
for classification of radar echos. Among other 
things the synopsis describes their definitions and 
contractions for reporting on the radar observation 
form. The best way to search for ech)oes on the 
FPS-77 is to set the ISO ECHO threshold at a low 
level (10 db). With the threshold at a low level, 
only the weakest signals are pictured; you can fill 
in the ISO ECHO areas on subsequent scans by 
raising the , threshold to isolate the strongest re- 
turns. During your search, you should reduce the 
gain when scanning an area of echoes to see if 
there is an embedded line of cells within the area 
pattern. Figure 44 illustrates the effect of gain re- 
duction^ on a scope display with gain highest in A 
and reduced successively in B, C, and D. Notice 
how the stronger cells persist as the gain is re- 
duced; in figure 44,D, only the strongest echoes 
can be seen. This practice locates areas of heavier 
activity. You should report both the area and 
embeddecLlines separately in the radar observa- 



ti6i!*.TTielforccasterpises this ihfomiation on to 
pilots. Jn his Weather briefings. The forecaster is 
also interested in line activity ^ith respect to the 
intensity of precipitation ai^d strong surface winds 
that could affect a stadon in the squall line's path. 

8-25. Echo type, Convecdve precipitation:, such 
as showers and hail, is distinguished from, strati- . 
form precipitation by (he appearance of the echo. 
Convcctive activity indicates the. possibility of 
thunderstorms. Convective echoes appear with 
sharp outlines and uneven textures because of the . 
large water Sroplets and variations in precipitation 
intensities. Also, as you use Higher IF- ATTEN- 
UATION values, the echoes do not disappear uni- 
formly. Stratiform echoes,, on jhe contrary, show 
uniform sheetlike echoes with fuzzy borders, and 
the echoes disappear uniformly as you increase the 
IF ATTENUATION. 

8-26. Echo intensity. In addition to determin- 
ing the echo type, it is necessary to determine the 
intensity of the echo. Determining echo intensity 
by subjective brightness is not necessary-. The 
FPS-77 provides quantitative measurements of 
signal intensity by using the ISO ECHO feature. 

8-27, The operation of Oie ISO ECHO feature . 
is based on known factors of reflectivity that are 
used to arrive at a level of signal strength. This 
level is expressed in decibels (db). (The db levdl 
indicator is located on the FPS-77 radar belWthe 
IF ATTENUATOR label.) From tile db level you. 
can determine the intensity of an echo. 

8-28. You must know die transmitted power 
and receiver noise level. They should .be 250r'^kw * 
and 9.5 db respectively; otherwise, you must apply 
a CMtwction. Operate the receiver in the LOG 
mode, .and be sure that the ISO- ECHO circuit apd 
receiver gain are iAiibrated. Read the ISO ECHO , 
LEVEL-DB switch setting (this is a jijb above the ' 
receiver iioise). Add or subtract the correction . 
^factor if the radar set does not have a noise level 
of 9.5 db or transmitter power of 250 kw. For ex- 
ample; if the set is operating at 10.5 db, receiver 
noise level, you must add 1 db to the db reading 
on the IF ATTENUATOR since the receiver has 
a noise level higher than 9.5 db. This is based 
upon instructions in Chapter 3, Section 2, of TO 
3fM6^2FPS~77-2. ' . 

8-29. Table 10 contains the information for de- 
termining echo intensfties for both normalization 
^modes (60 NM and 120 NWQ. After applying ^ 
corrections, if any, enter the table with the cor- 
rected db value and read the corresponding inten- 
sity value. Table 10 is based on the nomogram in 
Chapter J, Section 2 of TO 3lM6-2FPS-77^2, 
This procedure can be used for all echoes. 

8-30. Echoes in thp strong category very like] 
have the potential for producing hail. Very stron^ 
echoes may be associated with large hail, damag- 
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Tasle 10 . 
IF Attekuation and Echo Jsmssm (ANVFPS-77V) 

RAIfGE = 120MM; nomalizatidn to toHM; LOG 'node 

IP Attenuation ♦ 
t (db 'above noise ) Scho Intenaity * 



13 and b^lov 
111- 29 
30 - 1;5 ^ ' 
li6 - 56 • 
57 and above 



very veaJc (— ) 
weak (-) 
moderate 
strong (^+) 
very strong (++) 



RANGE - 120NM; noraalization to 120KMj LOG mode 
IF Attenuation 

(db above noise ) Bcho Intenaity 



8 and below 

9 - 2U 
25 - ho 
hi - 51 

52 and above 



very weak (— ) 
weak (-) 
jnoderate 
atrong (+J 
very strong (++) 



•ing winds, or even tornadoes. Remember, there are 
two limitations when measuring intensify. You 
cannot accurately determine echo intensity at 
ranges over 120 nautical miles. Also, it is unrelia- 
ble to try to measure echo intensity through an" 
artfa of strong precipitation. A V-shaped notch be- 
hind an echo is usually caused by attenuation of 
the signal by heavy precipitation. Closely watch 
the 'echoes that display* strong intensities because 
they indicate severe weather. Vou can determine 
the {endency of the echo intensity by comparing it 
•with previous observations. . . / 

8-31. Echci location an4 stzei the initial search 
reveals the general location of echoes. To find the 
azimuth' (bearing), use the AZIMUTFI handcrank^ 
and the AZIMUTH scale to'pinpoint the direction. 
Use the RANGE' STROBE on the A/R scope to 
determine the distance to the echo. You can also 
find Jhe width of the^echb from the A/R scope by 
u.sing the RANGE STROBE to measure from one 
side of the echo'signal to tiie other sid6. 

8-32. Echo movemeht. Use of* the storage fea- 
ture >on the PPI scope requires a new approach in 
operational tethiii<jues.* T6'^0btjin full advantage 
of this storage feature, you must /operate the set 
with gfeater care^and intelligence thaii when you* 
iised previous weather .radafe sets with convefltional 
PPI displays. You can rctoin PPI patterns for a . 
perio4 of iip to 1 hour to determine motion. Hdw- 
^er, this precludes frequent changing o£v PPI 
Sjcp ranges. After tHe-desjred perjod of time has'' 
ssed (which is indicated by Im elapsed time 



dock on the PPI, you can write a new PPI pattern 
on the scope without erasing the prevloub pattern 
(that will- have faded slightly). The new echo posi-u 
don, when compared to the stored echo position, 
indicates echo movement and development. In 
combination with the elapsed. time intervals, you 
can determine the echo direction and speed of 
movement. A chart, as illustrated in figure 45. dis- 
played or posted near the PPI scope provides a 
convenient aid to determine speed of 'movement. 
8-33, Echo heights. Use the RHI sc)3rpe to de- 



termine echo heights (fig. 46). On the FPS-77, 
you can read the true altitude of the echo top 
• (above the height of the antennar) directly from 
the scale. Then, of course, you must convert the 
right of the echo top to MSL by adding the MSL 
height of the antenna. You also have to make a 
half-beamwidth correction. Figure 47 is an extract 
of the half-beamwidth correction graph. As men- 
tioned earlier, it is not necessary to make an earth 
curvature correction since the RHI scope has this * 
feature built into the sweep. 
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Figure 45. Nomogram for dcicrmining speed of radar echoes. 



7i) 



8-34, Bright band. The bright band is a striking 
feature observabfe in stratiform rain on the RHI 
scope. This bright band is caused by a horizontal 
layer of stronger Vcflectivity (about 1000 feet in 
depth). Bright bands appear narrow and intense 
within a fairly stable layer of air. As the stability 
of the airmass decreases, the bright band tends to 
become broader and ^ess distinct. 

8-35; A bright band occurs in the region of 
melting snow about 1000 feet below the melting 
level (0^ C.) and is always present in widespread 
stratiform Tain. The height of the bright band var- 
ies according to season and latitude. Such a band . 



is not present \fi the active^arts of thunderstorms 
because in the stroftg updrafts there is no clear-cut 
altitude above which the precipitation is predomi- 
nantly ice and below which it is'water. However, a 
bright band may be pJ-eseqt in mature ot decaying 
thunderstorms in arc^s-of^elatively gentle precipi- 
tation where strong updrafts no longer occur. 
more cleariy identify the bright band and its char- 
acteristj^, make occasional RHI scans aL^shoxt 
range vwth Teduced gain during .obscrvadom in* 
rain. The height of the top of the bright tand may 
be reported in column 10 of the radar recording 
form in hundreds of feet MSL (e.g., MLTLVL 
75) . 



12,000 




° ^0 20 30 40 50 60 70 80 90 100 110 120 
SM I 1 y 



10 20 



4- 



30 40 50 60 * 70 80 90 
' ' (SLANT RANGE) 



H ! 1 { H 

100 no 120 130 138 



Figure 47. Half-bcamwidlh correction ^raph. 
' 73- 



70 



8-36. The bright band effect iS' caused by sev- 
eral processes associated with melting snow parti- 
cles as they fall into warmer air. The radar return 
from small water drops is about five times greater 
than that from ice particles of the same mess and 
j/tap^. As the falling snowflakes become coated 
with water, their Teflectivity increases. As the parT 
tides, melt, they accelerate from the slow fall ve- 
locity oSr^^w (1/2 meteu per second) ro that of 
rain (4^6.8 meters per second). The increase in 
.fali-vfelocity decreases the number of droplets per 
unit volume below, the melting level and causes a 
cortesponding decrease in radar reflectivity per 
unit volume. Thus, the melting process creates a 
horizontal layer of strong radar reflectivity that- is 
much stronger than the snow above and a little 
stronger than the rain below. Just as bright band 
phenomena should be brought to the forecaster's 
immediate attention, so should all storm echoes. 

8-37. Storm Echoes. No two people are ex- 
actly alike; neither are two storms exactly alike. 
Thus, this disciission-of storm patterns describes 
only some general features peculiar to three types 
of storms — squall line, tornado, , and hurricane. 

8-38. Squall line. A squall line, pattern appears 
very similar to a cold front pattern on the radar 
scope. The squall line most generally precedes .the 
cold from position. The cells within the bands are 
Constantly undergoing a process of formation and 
dissipation. They appear to form or intensify on 
their forward edges and to dissipate on their trail- 
ing edges. Squall line activity is a chief suspect for 
tornado development. 

• 8-39. forhadp, A hook-shaped echo may indi- 
cate a possible severe weather^ condition. Torna- 
does usually produce a" strong 'figure 6-shaped ap- 
pendage on the mother cloud echo. They may 
appear very similar to other strong echoes during 
thunderstorm activity., Sometimes they appear at 
higher elevations, making it necessary for you to^ 
raise the antenna in tjrder to detect the hooks. You 
should remember that not every echo of this shape 
is always a tornado. However, when an echo has a 
clearly defined figure "6" spiral, with. dimensions 
of 5 to 10 miles' across, and meets the criteria for 
severity, it is very likely a surface tornado or one 
that is aJoft. 

8-40. Hurricane. One of the most valuable 
services performed by coastal radar installations is 
the tracking of hurricanes that move within range. 
JJ^e first evidence of an approaching hurricane on 
the radar is generally the appearance of the outer 
band that is often in,thc nature of a squall line some 
200 miles from the center. This is a lino-of heavy 
precipitation.' frequently accompanied by thundcr- 
. storms and tornadoes. In a large, mature hurricane* 
there may be a number of prehurricane squall lines 
as much as 400-500 miles from the eye. Usually, 
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between these lines there is a gap of 50 miles or so 
without precipitation. The first spiral band usually 
follow^ the squall line by abou?50 miles. The hur- 
ricane spiral bands are about 20 miles apart in the 
outer portions of the storm,, but near the center of 
the storm they tend to blend together. The echoes 
arranged in these spiral bands and those forjning the 
wall cloud are associated with the violent wind 
squalls of a hurricane. The greatest echp heights, 
however, are found in some of the moft intense ' 
cells of the prehurricane squall line and in the wall 
cloud surrounding the echo-free eye at the 'storm 
center. 

8-41. Although it is quite variable, the diameter 
of the eye normally ranges from 10 to 30 miles. 
Because the rain may not be symmetrical arouncj 
the eye, it may nof be possible to locate the center 
with accuracy from the echo configuration. To 
help in locating the center ia cases where the eye is 
indistinct, you can use a spiral overiay. Adjust the 
overlay manually so as to fit a portion of a well- 
defined spiral band. After a satisfactory fit has 
been obtained, indicate the position ^on the over- 
lay. Although this method may give a location tjiat 
is sometimes in jerror by more than 30 miles, it is 
^till a'usefuUguide. In any case, the eye is the most 
reliable feature of the hurricane that can be ■ 
tracked to provide the^ direction and speed of the 
storm. 

8-42. As the' Storm moves northward away 
from the Tropics,- the moisture in high-level clouds ' 
is more apt to be converted into ice particles. Jf 
this happens, some of the ice particles will get 
fairly large and may be detectable at lolig ranges. 
These ice particles may give the illusion that the 
storm has become much more intense or has sud- 
denly grown in height bec^pse the large-size ice ^ 
particles are more readily detectable by radar than 
the small, liquid cloud particles. Figure 48 shows a 
schematic illustration of a hurricane pattern. 

8-43. Operaung precautions. Experienced 
weather equipment technicians^ perform mainte- 
.nance on the FPS-77. However, there are several 
operating precautions that you can observe to pre- 
vent serious damage to the sef. Avoid excessive 
magnetron current. Apply current to the magne- 
tron slowly, and lower the current when magne- 
tron arcing occurs. Though the antenna can auto- 
matically scan in elevation and azimuth at the - 
same time, it serves no operational purpose, and 
causes unnecessary strain on the antenna drive 
mechanism. To prolong the face of the PPI tube, 
operate the INTENSITY at a level where the dis- 
■ plas just becomes visible. Do not attempt to obtain 
dark pattern§. on the PPI tube because this makes 
it difficult to erase these patterns. Use the ISO 
ECHO controls during the writing mode to ^ 
dampen the strongest, echoes and reduce the 
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chance that these strong echoes will be \vritten too 
dark for erasure. Above all, follo.w the operating 
instructions posted at the set. 

9. Observing Facilities/ logs, and 
Equipment 

9-1 Air Weather Service provides meteorologi- 
cal service to the Air Force and Army. Accurate 
weather observations are an important part of this 
service. To observe, evaluate, reccyd, encode, and 
disseminate observations of meteorological ele- 
ments near the earth's surface, a proper observing 
site is needed. The site selected for this purpose is 
commonly called tl^e representative observing site 
(ROS). 

9-2. Observing Site. The observing site should 
be at a location'blst suited to observe and evaluate 
the meteorological elements that concenl the ob- 
serving station. When selecting a suitable location, 
consider local climatology, observing btructure, 
length of instrument cable, runs, and communica- 
tions requirements. ' 

9-3. The structure sliould be a suitable building 
in which to perform assigned tasks and one which 
provides adequate safety, working space, and basic 
human comforts. When selecting a suitable struc- 
ture for surface observing^ive special considera- 
tions to location and field of view. 

9r4." Fixed surface observing. The preferred lo- 
cation of the surface observing site on/an airfidd is 
at the midpoint of the primary instrumented run- 
way with the minimum permissible lateral clear- 
A^e from the centerline of the runway. However,- 
any location on the airfield complex that affords 
an unobstructed view of bqth ends of the primary 
instrumented j:unway is acceptable. 

9-5. The preferred view from within the ob- 
serving site is 360°. This view should be unob* 
structed fof* a distance of 3 miles or more. An ac- 
ceptable view is 360^ of the airfield complex from 
an outside viewing area, provided there is a 270° ^ 
view from within the structure., Thfs 270"^ ' view ■ 
must encompass the complete runway 'and ap- 
proach zone complex, and it should be unpb- 
structed for a distance of IVi miles onpiore. 

9-6. Structures, The primary surface observing 
structure should be designed to provide the neces-' 
sary space, safety, field of View, and comfort for 
the obseryer. In addition it must be suitably lo- 
cated to provide the most advantageous view o^ 
^veather conditions over the area of major concern: 

9-7. The preferred design for a surface observ- 
ing structure is a separate building near the mid- 
point of the primary instrumented runway (see ^ 
paragraph 9-5) with an observer's cab elevated to 
provide unobstructed vision. The building should 
have an area of 600-1000 square feet and include 



an observer's cab (200 sq ft), human comfort fa- 
cilities (200 sq ft), and an equipment/maintenance 
area (200-^00 sq ft)'. The'structure should be air 
conditioned and have hot and cold running water 

'and toilet facilities. Foldout 6 is an example of how 
the .structure can be built and equipment laid out 
to meet these requirements. 

9-8. Units not having an observing structure 
that meets these requirements may use a portion of 
an existing structure if representative weather ob- 
servations can be taken from it. An^ observing site 
is seldom located in an operational control tower 
cab. This may otcur when there is no other suita- 
ble structure available, then only when approval 
comes from the host installation commander. 
- 9-9. Observing structures should be equipped 

'with instrument readouts positioned so that theVe- 
quired observatic^ can be made and disseminated 
with maximum efficiency. Give special attention to 
lighting requirements. Also" to the observer's ina- 
bility to adjust his eyes to both darkened condi- 

. tions outside the structure at night as well as to in- 
ternal light reflection on window areas. Dimming 
controls that can be readily operated by the ob- 
server should be used when possible within the ob- 
serving structure. ' 

9-10. Upper-air observing. The primary up- 
per-air observing site is considered to be the loca- 
tion of the pressure measuring instrument used to 

' calibrate the flight instrument. A site should be se- 
lectejl that minimizes the probability of losing data 
due to fixed obstructions, such as buildings, trees, 
and towers. Also, obstructions around rawinsonde 
observing sites seriously -affect the ability of the 
antenna to track on-target when the angular alti- ^ 
tudc of the obstruction is approached by that of 
the target. , * ^ 

9-il. Angular altitudes of obstructions around 
PIBAL*sit6s, with the exception of small pipes or' 
masts, should not exceed sj?^? abpve-the horizontal 
plane. Select an alternate site Tor PIBAL functions . 

,t^i>e^use4,iYhen loeal wind conditions do not per- " 
mifa'T^alloon to be released from the notmal ob-: 
servation site. '* - . • , 

9-1*2. WJten establishing an upper'-air observing 
site, another consideration is the location of an 
adeuqate l^allopft launch area. It should be near 

.the observing site, relatively free of* obstructions, 
such as building^, trees, towers, or cables, and lo- 
cated to minimize interference of the balloon with 
the takeoff and landing of aircraft. 

9-13. Tactical observing. Equipment location 
should depend upon the specific geography of the 
location at which the equipment is situated. Cer- 
tain tactical equipment sets are issued with asso- 
ciated shekel's. When the shelte)* is not a compo- 
nent part of the "tactical set, it may be obtained by 
ordering from theJtable of aHowance (TA).; TA 
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006 for tent- type shelters or XA 010 for vehicle- 
*typc shelter, with the exception of the following 
conditions-: 

a. Portable functions arc not normally author- 
ized a shelter. 

b. Mobile observing functions arc provided 
shelter as a component part of the basic equipment 
set'whcn jising the AN/MMQ-2, Manual Meteo- 
rological Statioti. The S-13/TM, Inflation Shelter, 
is provided in the AN/TMQ-18, Meteorological 
Set. 

9^4. Observing^ support functions. Observing 
support functions generally are located with and 
use the same structure as the function or unit they 
support such as: 

a. The forecaster support function is situated 
^ adjacent to the forecaster work area within the 

weather station or forecast facility^ 

b. The weather editing fiuaction uses the 
weather . communications center structure. The 
communications editing work area should be posi- 
tioned within the communications center to make 
it easy to manage, and monitor the weather com- 
munications circuits. 

c. Solar observing functions makitig magnetom- 
eter, riofnetcr, and ionospheric observations nor- 
mally are situated in existing structures. Solar opti- 
cal and radio telescope observatipns are made 
from establkhed observatories operated by the Air 
Force and other agencies. 

9-15. Operating Logs and Records^ To main- 
tain the reliability of your pressure observations, 
routine comparisons must.be made between your 
Oneroid barometer and its accurate cousin, the 
mercurial barometer. This comparison is recorded 
on AWS Form, 85, and is maintained as an inte- 
gral part of the station records. 

9-16. Barometer comparisons (AWS Form 
85). Whether you are making a routine compari- 
soft or comparing a newly installed aneroid barom- 
eter, enter comparison readings on AWS Form85. 
For a routine comparison, the frequency A^d- 
jngs is weekly. For standardizing a new\neroid 
barometer, daily readings are necessary. Entries 
for comparison readings for a new aneroid are il- 
lustrated by the sample AWS Form 85 in figure 
49. Assign each reading a comparison number and 
enter in column 1. Hie two daily readings are 
dated and annotated for time. You can see that the 
readings occur at 6-hour intervals and at the same 
times each day. Make all pressure readings and 
subsequent entries on the Form 85 to .001 inches 
or 0.1 mb- as- appropriate. 

9-17. Next, enter observed data from both in- 
struments. This includes the temperature of thetet- 
tached thermometer (column 4), obsen/ed mer- 



curial reading (column 5), and observed aneroid 
reading (column 9). Make the pressure readings 
as close in time to each other as possible to elimi- 
nate effects of atmospheric pressure changes. Ob-* 
serve the headings in columns 4 and 5, indicating 
the units of each entry. After entering the ob- 
served data, apply the teniperature correction and 
sum of corrections to the mercurial reading, and 
then enter the result in the station pressure column 
relating to the unit (inches^or millibars) observed. 
Figure 49 shows san^le entries. 

9-18. These two corrections are derived from 
separate sources. From Table 5.2.1 in the WBAN 
^Manual of Barometry (FMH 8), a temperaiure 
correction of - .115 Results from coordinate 71.0® 
F. and 30.0 inches (the closest value to 29.983 is 
observed). Added to the temperature correction is 
the sum of corrections provided by the barometer 
manufacturer. Added together, these two correc- 
tions make a total correction of —.126. Observed 
pressure, 29.983, minus *126 explains the 29.857 . 
station , pressure. Compare the station mercurial 
pressure to the observed aneroid, then enter the 
difference in column 10. Simply subtract column 9 
from column 6 and include the algebraic sign 
(.827 - .826 = 4- .001). 

9-19. Make this comparison for five consecu- 
tive days and compute the mean correction for the 
10 readings. Referring to the sample Form 85 in 
figure 49, the previous 10 corrections are totaled 
and entered in column 1 1 on the 2/13, 1 140 LST 
line. Indicate also the first and last numbers of the 
comparisons making up the total correction. Next, 
find the mean correction from these two items and 
enter the result in column 12. Make the final en- 
tries in column 14, which you see has been divided 
into 14A and 14B. Column 14A shows the; result 
of applying the mean correction (column 12) to 
the aneroid reading (column 9). After you do this, 
if column 14A and column 6 still differ, enter in 
column 14B the amount it would take to bring col- 
umn 14A equal to column 6. 

9-20. Make comparisons daily until you have 
20 consecutive comparisons m which no entry in 
column 14B has exceeded :±:.010 inch or ±0.3 
mb. None of the comparisons during the first 5 
days should be considered for this purpose. From 
these 20 comparisons, the mean correction (col- 
umn 12) may now be posted to the aneroid. Once 
you post the correction, the aneroid is available for 
observation purposes, but you cannot yet consider 
the instrument i^eliable. Continue the daily com- 
parisons and compute a mean correction every 5 
days. Notice in figure 49 on the 120th comparison, 
the mean correction has been computed from com- 
parisons 11 through 120 and again computed 5 
days. Notice in figure 49 on the 120th comparison, 
the mean correction has been coniputed from 
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Figure 50. AWS Form 42. 
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comparisons 11 through 120 and again computed 
5 days later using comparisons If through 130. 
How long should you make daily comparisons? 
For at least 8 weeks. After this span of time and if 
during the last 10 consecutive days no column 14B 
entry has exceeded the ±.010 inch or ±0.3 mb 
limits, you may finally considec-lhe aneroid relia- 
ble. From this point, discontinue the daily compar- 
isons and begin weekly comparisons. 

* 9-21. The weekly comparisons are intended to 
keep the qneroid correction current. When you 
begin ihp routine weeklj readings, sum the latest 
two readings with those made 7, 14, 21, and' 28 
days ago. Rgure 49 shows this was done on 2/25. 
Further down on figure 49, comparison 135 makes 
an interesting comment. The comparison was dis- 
regarded because the correction wa^ —.012, much 
larger than usual, and exceeds the limit for one 
reading. Corrections this large should be immedi- 
ately verified. This was done on our sample at 
0610, and a more reasonable difference of ±.001 
prevailed. Keep the completed AWS Form 85 on 
file at the station until the aneroid *is replaced. 

9-22. Communication Outage Log (A WS Form 
42). This sample form is used by all AWS stations 

for documenting communications outages. Tmie of 
initial notification of a deficiency to your support- 
ing agency and all followup calls and status checks 
are recorded on this form. Figure 50 is an example 
extract AWS Form 42. The form is designed- for 
use on the basis of one form per machine/circuit 
or one form for all machine/circuits per location. 

9-23. Report circuit and/or equipnicnt outages 
to the appropriate mafntenance agency as spon as 
possible. AWS units report to the local AFCS unit 
when they are located together. If they are not, the 
AWS unit shoujd. notify the local maintenance 
agency concerned . and. *e appropriate AFCS 
Communication Area. • ' 

* 9-24. The local AFCS unit or Communication 
Area is responsible for .follbwup reports after it * 
has been notified of an outage. Notify either the 
local AFCS^ unit or the unit responsible for area 
communications when service is restored and also 
record it on AWS^Form 42, 

9-25. Maintenance* Most weather stations have 
weather equipment repairmen/technicians as- 
signed to them. These men ha^e received mainte- 
nance training on ground meteorological equip- 
ment and perform intermediate maintenance on 
the equipment. Maintenance capability is deter- 
mined by the skill l^vel of the assigned 302X0 
personnel. It is likely'that there will be 3-, 5-, or 
7-skill level personnel on hand. Intermediate 
maintenance is broken down into the following 
two areas: 

^ # Preventive maintenance. 

• Corrective maintenance. 



9t26. Preventive maintenance routines for 
ground meteorological equipment are normally 
prepared and published by AFLC as -6 work 
cards, and are available through normal TO distri- 
bution channels. AWS publishes -6 work cards for 
minor equipment used by AWS and for equipment 
for which AFLC has not prepared work cards. 
These cards show the minimum maintenance re- 
quirements and maximum interval between per- 
formance of each routine. At locations where only 
one maintenance technician is assigned, the de- 
tachment commancjer" insures that at least one 
weather observer is trained to do the daily routine 
work from the -6 cards. 

9-27. Corrective maintenance is a series of 
cjiecks and repair actions required to return a mal- 
functioning system to operation. It involves the use 
of tools, test equipment, technical orders, and 
troubleshooting procedures. Corrective mainte- 
nance is done only by qualified weather equipment 
maintenance personnel. 

9-28. Units that have tactical equipment in 
standby status should perform preventive mainte- 
nance on a quarteriy basis. When local conditions' 
warrant, preventive maintenance may be required 
more often. 

9-29. Major maintenance and operational 
problems are the concern of the maintenance sec- 
tion. Tbere arc, however, many minor operational 
problems that can be solved by the observer if he 
knows what to do.* Although the situaififens chosen 
lor discusaon do not exhaust the list of problems, 
tliey are typical of what can happen. In many 
cases the problem and solution seem absurdly si^m- 
ple. 

9-30. Suppose the, transmissometer recorder 
seems to belDut of orc^er. Upon checking, you find 
that the recorder operated properly before some- 
one changed the chart. But now the chart does not 
move, even though the power is on. Furthermore, 
the clock is not ticking. Your first thought is that 
the clock has run down, so you wind the clock. 
But this doesn't remedy the trouble. Then you re- 
alize that changing the chart may be the key to the 
situation. When the chart drive lever is pushed to 
STOP, this lever also turns the clock mechanism 
off. The chart drive lever is in such a position that 
if the paper is changed carelessly, the lever could 
unintentionally be bumped t6 the STOP position. 
A glance at the position of the lever convinces you 
that this is the cause of the trouble. 

9-31! If you are careless, changing the chart on 
a recording instrument such as the transmissome- 
ter, barograph, or wind recorder may cause trou- 
ble. We already mentioned the problem created by 
accidentally shifting the chart drive lever on the 
transmissometer. A chart movement switch on the 
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wind recorder can cause a similar problem. Even 
though you know that power is reaching the re- 
corder because the lights arc on, the chart reel won't 
move unless the chart movement switch is ON. 

Sometimeis this minor point is overlooked, Other 
< iff 



' reasons may also cause the reel- not to operate. For 
. example, if the gear end oif the takeup reel is not 
meshed properly, when you change the chart, the 
reel will bind. Improperly meshed gears can be a 
problem on themicrobarograph, too. 
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A. CONTROt nu. 8. WRITING UNIT. C. PAPW FEgD CONTAa. 

Figure 5 J . El/ctrowriter for local dissemination. 
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9-32. After replacing a chart on the barograph, 
you lower the chart cylinder upon the clock mech- 
anism drive gear. Simply lowering the cylinder 
does not always mesh the gears. Often you must 
gently rotate the cylinder to mesh the gears. You 
know that the gears are meshed when you feel a 
slight drop of the cylinder. Not strictly involved with 
chart replacement, but easily overiooked, is the task 
of moving the chart clip on the cylinder past the pen 
on the fourth day of use. Failure to move the cyl- 
inder results in a large time error as the pen 
crosses the chart clip. Moving the cylinder requires 
unmeshing the gears, and again you must be alert 
to the possibility of improperiy meshed gears. 

9-33. Proper care of the psychrometer involves 
keeping the thermometer tubes and the backplate 
clean. Wipe them with a moist cloth to remove any 
dust or dirt on the instrument surfaces. The wick 
of the wet-bulb thermometer tends to collect dirt 
and dust since the moistening process attracts 
these particles. Remove the wick and replace it pe- 



riodically to insure correct wet-bulb temperature 
readings. Tie the wick securely over the thermom- 
eter bulb so that the wick has a smooth surface. At 
limes the thermometers become difficult to read 
because the blacking in the etching wears awny. 
When this occurs, remove the blacking anrf apply 
new ivory black. First, carefully remove the ther- 
mometers from the metal backing. Clean the old 
blacking from the thermometer with turpentine or 
other suitable oil pstint solvent.' Use a pointed stick 
covered with cloth to remove the old blacking 
from the eTched temperature markings. Wipe the 
turpentine from th? surface until it is dry. Apply 
fresh ivory black along the entire etched surface oi 
the thermometer tube pressing the black into the 
etch marks. Wipe excess ivory blacTc from the tube 
and check to see that all etch marks are filled with 
the new blacking. After the ivory black sets and 
dries, refasten the thermometer tubes to the metal 
backing plate. Fit the small glass hook at the top 
of the tube into the hole of the metal backing plate 




A. ElECTROV/RITER. 

COMET I RECEIVING TELETYPE. 
C. BRIEFING AND DISPLAY BOARDS. 



D TELEPHONE AND INTERCOM P0§ITI0N. f. ADDITIONAL TELETYPE AND FACSIMILE 
E." PILOT.TO-FORECASTER RADIO. DISPUYS. ^ 

Figure 52. Briefing and communications area. 
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before fully tightening the screws of the clamping 
"brackets. 

9-34. To raaintain^the rain gage, Keep tlie over- 
flow can, measuring tube, and collector "funnel 
clean and free from oxidation. Do this monthly by 
cleaning them wTth copper cleaner and/or fine 
steel wool. Paint the tripod *stand whenever neces- 
sary, deck the measuring tube fo^ dents since this 
alters the volunie of the tube. Pour water into the , 
overflow can to check it for leakage. - . / 

9- 35. Perhaps this brief discussion will help ^ou 
with iihiilar problems in the future. Th^^roxt 
topic — one often taken for granted — is communi- 
cations and copying equipment. 

10. Communications and Copying 
Equipment 

10- L A completely accurate and representative 
observation is a very perishable item. It^has little 
value if it is not relayed to its users while it is still 
current. TTiis is one of many reasons why pro- 
grams and equipment are continuously modern- 
ized. In this section we are going to discuss com- 
munications and copying equipment used to relay 
all types of perishable meteorological dat^ and as- 
sociated informatiotL ^ 

1Q^2. Local Comminiications Devices. Various 
militrfy organizations located on your base need 
your weather bbservations immediately as you 
complete them. The communicatroife sysfems*that 
can be used to transmit observations are: 

• Autographic transcribers, y 

* • Jntercommunications Cmtcrcom) Systern^ . 
. • Telephone. / ) 

• Tape recording device/. 

• Pony circuit. ^ ^ / " 

• ^Weatl^ervision. 

10-3. Autographic transcribers, Th^ two most 
commonly used autographic systemsydre^lectro- 
writer and ^Telautograph. Figure^^flLraows an 
Electrowriter that some weather stS^Ss. use to lo- 
cally disseminate observations. ThR^ectrowriter 
and similat models are electronic v&i&ng systems 
connecting two or more writing or rwciving units. 
Refer to figulre 51 ^gain. The control ken (A) is 
used to move the writing unit (B) ^ndyy write the 
message on the papet roll. When th^ontrol |5en 
and writing unit are in contact, the/ energize ^cir- 
cuits that cause the other upits to reproduce the 
message ^thai is being sent from the originator. 
Wlien the message is ^mypplete^ the pen umt is * 
moved to touch the pa^ feed contact (C); this 
moVes the j^apw' up to the display position of the * 
ElectirowritciEp^ . ^ v 

10-4. Soma weather stations use to Telauto- 
graph to disseminate their observatio|is locally. 
The Telautograph is available in two-irodels. One 
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m.odel operates almost ^actly "^l^e the' Electro- 
writer; the oth6r i^odel differs <m that the control, 
pen moves across a metal fjlate. adjacent to the 
writing stirface. With either 'the Electrowitcr/or 
Telautograph, the weather observations are re- 
ceived as you are writing; therefore, thfere is natime 
lag. In using the sets, write large enough so that the 
weather observation can be se^n at a ^istWce. Al- 
ways use symbols, carefully. Otherwise they may 
be misinterpreted by the user. Each weather sta- 
tion or unit has a DOf giving the exact details and 
format for dissemination of weather data. 
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Figure 54. Component parts of ADCAD syj^em. 



.-y^ lp-5. The autograpliic transcriber has some ad- 
vantages over other local weather dissemination 
. systems. The main advantage is that each rcccivinig 
unit (control tov^er, GCA, and others) receives a 
permanent record of your observation as you write 
it. This allows the user to eyaluate tjie incoming 
observations at his own convenience; he does not 
have to make an immediate .verbal, Response (as 
when the telephone is u5ed) Wiien he may be busy 
with other tasks. Occasionally; your Electrowritcr 
or Telaulogragfh equipment requires maintenance; 
this could requtue^ alternate method for' local 
dissemination. - / * . 

*l{\-6. Intercommunications system. The use of 
' tb^ifttercommum'cations system varies with observ- 
■ 4iig assignnients. In some remote areas of the world, 
the intercom is the primary method of disseminat- 
"ing weather observations locally. Similafr to the 
Electrowriter system, the intercom system has re- 
ceivers at all using agencies. Since the method of 
communication is .oral, yoji must know the stand- 
ard voice communication procedures. 

10-7. Whcn^sing the ii?^terco]^^system, speak 
clearly and slowly^ to, ensure that thfe receiver un- 
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derstands the message. Most intercoms contaih 
some background noise; therefore, speed irregular- 
ities are amplified. Perhaps this -is why many 
, weather personnel refer to the iilfercom as the 
"squawk box." AWSR 105-12, AWS Pilot-to- 
Forecaster Program, vfhxdi deals with words^d 
phrases used in comnwnicating with pilots in 
flight, provides many fine examples of hov^i to 
commuii^te. weather observations effectively over 
. radio pe^es. fKri example ^l^!^his is the voice refay 
of an Minrie^ value. An altimeter setting 

of 29,92 inches i)f mercury ^s spoken as "ALTIM- j 
ETER TWO NIKER NINER TWO." 

10-8. Because it is possible to misunderstand 
oral communications, all stations require the recip- 
ient to read back the observation data. Foilowing 
the readback, log the actual time that yoy dissemi- 
nated your observation and the initialiJ^of the re- 
cipient on AWS. Form 40. After you have done 
this, check the position of the intercom switch to 
be sure that it is not in the SPEAK position: If the 
switch is left in this position, you willfoot be able 
to receive incoming calls. 
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10-9. Telephone. The telephone is probably the 
most widely used and most* Versatile means of 
communication that the observer has. In somt re- 
mote areas of the world, the telephone is the only 
instrument used for disseminating weather infor- 
mation. This is the situation at many Southeast 
Asia weather sites. Regardless of your duty assign- 
ment, ^p^hould realize the importance of having 
teleph^Pr for either backup or, in some cases, as 
the primary means of local dissemination. Some 
telephones are installed as direct hookups to the 
user^ These installations are called "hot lines." As 
the duty observer, you must be sure that official 
telephones are not used indiscriminately. The rea- 
son should be obviojus from the following example. 
Suppose the control tower needs to contact you on 
the telephone because the tower Electrowriter is 
inoperative. If the backup phone is being used for 
unofficial business, the tower may be unable to 
reach you. Not only do you impair^ the effective- 
ness of the tower personnel, but you fail to provide 
the local weather service when it is needed. 

10;- 10. Tape recording devices^ M many over- 
seas location?, where autographic systems are not 



practical, a voice recording system for local dis-- 
seminatfen of observations is'widely used. The sys- 
tem consists of a recording device employing ei- 
ther taper drums, or discs, upon whijh the latest 
observations are reqprded. Recipients are notified 
that a new observation has been recorded by a 
buzzer warning activated by the ROS observer. 
Receivers are simply direct-line telephone units, 
which activate the playback o'^he recording wh^n 
thfc phone is lifted from the cradle. An additional 
"riadout" is possible by dialing into the system on 
the regular base telephone lines. 

10-11. Pony circuit. At some locations, the 
weather observation is disseminated locally by 
means of teletype equipment.^The ROS teletype is 
either operated manually or is equipped withsy 
tape transmitter for local dissemination. In eithei- 
case, all using agencies receiye ihS observation si- 
multaneously. As you can see, the observer ha^ 
available a combination of communications' de- 
vices to ensure tliat his latest weather observation 
reaches the using locations. There are other meth- 
ods for local dissemination of weather information; 
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Figure 55. ' 28ASR page typing unit. 
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however, since they fall more ^^^-ithin the area of 
forecasting they are discussed from this viewpoint/ 

10-12. Weathervision. Qosed circuit television 
is used at some activities by the forecaster to dis- 
seminate weather locally. It is actually a combina- 
tion visual-voice system. Weathervision is nor- 
mally ,used b> thS forecaster to brief aircrews. This 
'includes ,ihe latest local weather as well as fore- * 
casts for routes, area§, and terminals. Weather- 
vision is becoming more widely used in presenting 
weather briefings. It is your responsibility tQ.pro- 
vide the forecaster with the latest local observation 
data for these briefings to be effective. 

10-13. One of the most important local com- 
munications services that the forecaster uses is the 
T^ilot to forecaster servicfe (PFSV) facility. This fa- 
cility allows direct radio coiltact between the fore- 
caster and the piloir in the cockpit. Frequently, the 



forecaster relays your latest* observation to the 
pilot b> this PFSV facility. This use of your ob- 
servation is only one of the reasons that it has a 
high dissemination priority.* The forecaster also 
uses the PFSV facility to relay local forecast data 
'iind other data of concern to the pilot. The PFSV 
is located near the weather data readouts and dis- 
plays for easy reference. ^ 

10-14. Figure 52 shows the functional arrange- 
ment of the various teadoiits, displays, and com- 
munications systems forming a composite, opera- 
tional briefing a:rea. The forecaster briefs, flight 
personnel across, the counter between the two op- 
posing facsimile displays indicated by item C. 
From his briefing position, the forecaster is^a step 
or two from his sources of operational data: the 
Electros^ter X^)\ the COMET I teletype printer 
(B), the Tacsimile displays (C), the telephon^e and 
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Figure 56. OWS scn^d-receive teletype position. ' • " 
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Figure 57. Component parts of OWS system. 



intercom located beneath the counter (D), 
PFSV radio (^E), and additional teletype' and fac- 
simile displays (F) containing data that he de- 
pends upon you to post upon receipt. Note that the 
telephones and PFSV microphone are equipped 
with long. flexible cords so that the forecaster can 
' refer ^to the dSta sources without interrupting his 
conversation. The operational needs of the fore- 
caster, however, are not the only ones you serve>^ 
Cfthet reports may be required by units served^y 
your local detachment. 

,10-15., Tjeletype* " At' most AWS assignments, 
your duties include the daily handling and trans- 
mission of Nveather data over weather teletype cir- 
cuits. Longline dissemination of weather data be- 
tweeft military weather stations in the United 
States is cfone by an automatic cojlection-dissemi- 
nation system. At a typical weather detachnjent, 
ydu can expect to transmit Surface observations, 
pilot reports, radar reports,* and terminal forecasts 
over weather teletype circuits. In addition, the 
forecaster relies heavily upon you to correctly de- 
code, edit, and post the latest weather data that is 
, received over weather communication circuits. 

10-16. These tasks which contribute to the time- 
liness of forcaster products, are essential* to the 
operational effectiveness of yoiir unit. You are a 
keyman in this handling of weather data. 
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-10-17. There are four major units that makeup 
teletype equipment in the weather station for send- 
ing and/or receiving weather data. These are com- 
bined in the airways data collection and distribution 
(ADCAD) (send-receive); the receivrng-teletype 
(28 ASR page typing unit); the operational 
weather support (OWS) (send-receive); and the 
Model 311, Electronic Weather Data Printer.' 

1-0-18. The first, usually located at the ROS, -is 
the ADCAD sending unit. This is used to transmit 
the current weatlter bbserv^tion to the relay center 
where it is relayed to all sections of the United 
/States and selected sections of the world. Figure 
53 gives you a complete picture of the assembled 
unit. This unit includes the following four compo- 
nent units. 

• Keyboard typing reperforator i (ZSKTR). 

• Automatic transmitter (28ATR).'^\ 

• Electronic sequence selector. \ 
' • Automatic code generator. 

These units^are pictured in figure 54. 

10-19. The receiving teletype is' the second 
major unit of teletype equipment. It is located in 
the weather station (usually near the forecaster). 
The receiving teletype prints the observations as 
they are received^from ADCAD positions. The 
Comet I receiving teletype is shown in figure 52,B. 
Tjiis Unit consists primarily of one co'mponeifiC 
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commonly called a mpd^l 28ASR page typin^^ 
unit, shown'in figure 55. ; ..^ : ■ 

10-20. The third major unit of teletype .ecfui^- 
ment that you'll be using js ^he operational , 
weather support (OWS) send ^ and receive posi- 
tion. Th& unit is usually located in the communis 
cations room of the wither station. Figure 56 
ogives you a conlpletc picture of the whole unit 
(28ASR OWS). The OWS send and receive posi- 
tion consists" of the following: ^ 1 

• Page typing unit (28ASR). 

• Typing'perforator. ^ 

• Stunt box. - . / 

Figure 57 illustrates 'these components. " 

10-21. You transmit all other meteorological - 
data such as pilot reporti (PIREPs), forecasts, 
radar weather reports (RAREPs), etc., on the 
OWS. unit. This Unit has .a feature that leaves you 
free to do other duties in the weather stations: a 
scries„Q£ ipur buttons from which you select the 
type of weather information you want to transmit. 



After you have selected and inserted the data you 
.want to transmit, your tape will not transmit until 
the proper bulletin ^.scanned. Suppose, for exam- 
, pie, that^your IlARfiP i^^Dn tape. In this case you 
wquM insert tKe'*t;ape and then select and depress 
theSP-I bytfon. You cian now turn yotir a^lK^lipn/ 
to other duties because your RARE? willttc 
transmitted. If you were preparing ternlihal air- 
drome forecasts (TAFs)| or plain linguage air- 
drome terminal forecasts (PL ATFs), you would 
feleet the SP-2 button. 

.10-22. The foQrth major unit of communica- 
tions equipment is a Model 311, Electronic 
Weather Data Printer. This equipnient only re- 
ceives data and prints it at 375 words per minute. 
Figure 58 is^an example of the model 311 printer. 
Like the other equipment, it is usually, located in 
the communications room of Ihe weather station. 
The information received ffom this printer on the 
Comet III circuit is continually being \ipgraded 
with weather information such as overseas data, 
PIBALS, RAWINSONDE DATA, etc. In addi- 
tion to the weather teletype equipment, you should 
know about the Weather facsimile equipment and its 
operation. 

10-23. FacsimUe. The weather maps and charts 
received by facsimile recorder^ are valuable aids 
for the weather forecaster. ^Ch^s provide the 
forecaster with the latest' analyses for large areas 
of the worid. Observing and forecasting teams lo- 
cated at weather centrals- prepare the various 
charts and analyses that are necessary to provide 
weather support for their ai«a of responsibility. 

10-J24. Most weather activities that receive fac- 
simile transmissions have either the'RJ3 or RJ4 
facsimile recorder. Figure 59 shows an RJ3 fac- 
simile recorder. The RJ4 is similar to the RJ3 ex- 
cept for the t^pe of recording paper^and thfe proc- 
ess of producing the image on the chart. In 
addition to the'facsimile recorder," most weathpr sta- 
tions have a satellite recorder. Figure 60 is a^ il- 
lustration of the recorder and its major compo- 
nents. The name of the recorder describes the use 
of the machine. Its functon i$**to record weather 
pictures transmitted by satellites. 

10-25. Copying'Equipment. There are various 
types of copying equipjnent provided, at weather 
units. Many are the office copy machine type, 
known by various trade names; however, some are 
larger machines of the type used to reproduce 
.blueprint^. The ozalid machine, ^hown in 'figure 
^1, is vfery common in a weather station because it 
can reproduce most any weather data |uch as fac- 
simile charts, teletype data, and^othef^latgf prod- 
ucts. * ' " 
- 10-id. Figure 61 also shows.iome of the main 
tipits o'f 'an ozalid strtamlmer 2()0; cabinet (A), 
speed adjustment'Jtnob (B), aij/monia supply bot- 
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Figure 59. RJ3 facsimile recorder. 
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Figure 60. Satellite recorder. 




Figure 61. Ozalid streamliner copier. 

tie (C), main switch (D), ammonia feed valve 
(•E), drip gauge glass-(F), and paper roll (G). 
Ammonia is very toxic. To avoid injury, follow the 
operating instructions for use of this equipment. 

10-27. BefoVe continuing on to Volume 2, ttirn 
to your 'workbook and answer the chapter review 
exercises on Sections 8, 9, and iO. ^ t 
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Appendix A 

Standard Atmosphere Table in Accordance With SpectficatioTis of ICAO 
(International Civil Aviation Organization) 

Tabular values gvv€ altitude (in feet) in th4 standard atmosphere as a function of 
pressure (inches of mercury, shoum as sids arid top arguih$nt). 
Note: Altitudes are strictly in terms of ''standard geopotential feet:* 



Pressure, 
inches of 
mercury 



0.01 



0.02 



0.03 



0.04 



0.0& 



0.06 



ft 

25.0 488S 

25.1 4782 

25.2 4675 

25.3 4569 

25.4 4463 

25.5 4368 

25.6 4253 

25.7 4148 

25.8 4044 

. 25.9 3939 

26.0 3836 

26.1 _ 3732 

26.2 3629 

26.3 .. 3526 

26.4 3424 

26.5 3322 

26.6 3220 

26.7 3118 

• 26.8:. ^ 3017 

26.9 2916 

> * 27.0 2815 

27.1 2715 

27.2 2616 

27.3 2515 

27.4 2416 

27.5 * 2316 

27.6 2218 

27.7., — _ 2119 

27.3 2Q21 , 

27.9.. ^ 1923^ 

. 28.0 : 1825 

- '2%1* 1727 

28.2 ^ 1630 

28.3 1533 

28.4 1437 

2S.5 1340 

28.6... . 1244 

2^.7 ^ 1149 

28.8 1063 

28.9 ..1.1.. 968 

29.0 ^3 

29.1 .: 768 

29.2 .:. « ^ 674 

- 29.3 .... . , 579 

29.4 486* 

29.5 392 

' 29.6 298 

.29.7. 206 

^9.8 112 

29.9; .: 20 . 



iu 


ft 


% 


ft 


ft 


ft 


4878 


4867 


4856 


4846 


4836 


4824 


4771 


4760 


4750 


4739 


4728 


4718 


4665 


4664 


4643 


4633 


4622 


4611 


4559 


4548 


A COT 


4627 


4616 


4506 


4453 


4442 


4432 


4421 


4411 


4400 


4347 


4337 


4326 


4316 


4305 


4296 


4242 


4232 


4221 


4211 


4200 


4190 


4138 


4127 


4117 


4106 


4096 


4085 


4033 


4023 




400^ 


3991 


3981 


3929 


3919 


3908 


3898 


3888 


3877 


3825 


3815 


3805 


3794 


3784 


3774 


3722 


3712 


3701 


3691 


3681 


3670 


3619 


3608 


3698 


3688 


3578 


3567 


3516 


3606 


o4S^0 


o4oO 


3475 


3465 


3414 


3403 


3393 


3383. 


3373 


3362 


334,^^ 3301 


3291 


3281 


3271 


3260 


321^^-^ 3199 


3189 


3179 


3169 


3169 


3108 


3098 


3088 


3078 


3067 


3067 


3007 


2997 


2987 


2976 


2966 


2956 


2906 


2896 


2886 


2876 


2866 


2855 


2805 


2796 


2785 


Z115 


2765 


J2755 


2706 


2696 ' 


2685 


2676 


2666 


^^655 


2605 


2696 


2685 


2576 


2666 


2655 


2506 


2495 


2486 


2476 


2466 


2455 


2406^ 


2396 


2386 


,237^ 


2366 


2356 


2307 


2297 . 


2287 


2277 


2267 


2257 


2208 


219a 


2188 


2178 


2168 


' 2158 


2109 


2099 


2089 


. ^080 


2070 


2060. 


2011 


- 2001 - 


1991 


1981 


^ 1972 


' 1962 


1913 


• 1903 


1893 


1884 


1874 


-1864 


18^6 


18t)6 


1796 


. 1786 


1776 


'1766 w" 


1718 


1708 


1698 


1689 


1679 


1669 


1621 


1611 


1601 


1592 


1582* 


1572 . 


1524 


1614 


1504 - 


1495 


1485 


1475 


1427 


1417 


1408^ 


1398 


1389 


l.'^79 


1331 


132l' " 


1312 


1302 


1^2 


1283 . 


1235 


1226 


1216 


1206 


1196. 


lli^T 


1139 


1129 


1120 


1110 


1101 


1091 


1044 


1034 


1024 


1016 « 


" 1006 


996 


948 . 


939 


'929 


. 920. 


, 910 


901 


853 


844 


834- 


'825 


. 816 


* 806 


769 


* 749 


740 


730 


721 


711 / 


664 


666 ' 


646- 


636 


627 


617 


570 


561 


561 ' 


642 


'632 ' 


. 623 


476- 


467 


457 


"448 


439 


429; 


382 


3% 


364 


364 


346 


336 


289 


-280 


270 


, 261 


^ 252 


242 


196 ' 


187 . 


177 


168 


159 


149 


103 


94 


85 


75 


66 


57 


10 


* 1 


-8 


-17. 


-27 


-36 



0.07 


0.08 


0.09 


ft 


ft. 


ft. % 


4814 


4803 


4792 


-4707 


4696 


4686 


4dU1 


4590 


4580 


4495 


4484 


4474 


4389 


4379 


4368 


4284 


4274 


V»4263 


4179 


4169 


4158 


4070 . 


4064 


4054 


3971 


3960 


3950 


3867 


• 3856 


3846 


3763 


3753 


3743 


3660 


36^0 


3639 


ODD i 


o047 


J5o7 


3454 


3444 


3434 


3352 


3342 


^ 3332 


3250 


3240 


3230 


3149 


3138 


3128 




oUo / 


oUJ7 . 


2946 


2936 


292fi 


2845 . 
* 


2835 


2825 


2745 


2735 


2725 . 


2645 


2635 


2625 


OCA C 


2535 


. 2525 


2445 


2435 


2426 


2346 


2336 


- 2326 


22|7 


2237 


2227 


2148 ^ 


2139 


2129 


2050- 


2040 . 


2030 


1^2 - 


1942' 


1932 


1854^ 


1844 


1835i , 


1757 


1747 


1737 


1659 


1650 


1640 . . 


1562 - 


1563 


. 1543 - 


1466 


1456 


1446 


1369 . 


1360 


1350 ^- 


1273 ' 


-1264 


1254 


1177 


1168 


1158 


1082 - 


1072 


1063 


986 


977 


967 


891 


882 ^ 


_ 872 


796^ 


787 


778 


702 


693 


• 683 


608 


'598 


589 ^ 


514 ' 


504 


495 . 


420 


411 


401* 


326 


317 


308 


233' 


224 


215 


140 • 


131 


.122 


47 


38 


29 


-45- 


-64 


-64 
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Appendix B 
Triconomethic Functions 



Angle* 

0*00' 
10 
20 
30 
40 
50 

1«00' 
10 
20 
30 
40 
60 

8»00' 

10 
20 
SO 
40 
60 

10 
20 
30 

60 * 

4*00' 

10 
20 
30 ■ 
40 
50 

10 
20 
30 
40 
60 

10 
20 
30 
40 

roc 

vlO 
20 

^ . 

40 
60 

8* 00* 

10- 

20 

SO 

Alleles 



Sine* 

^ Nftk ^ Lot 

.0000 « 
.0029 7.463'^ 
.0058 7648 
.0087 9408 
.0116 8.0658 
.0245 1627 



.0175 
.0204 
.0233 
.0262 
.0291 
.0320 

.0349 
.0378 
.0407 
.0436 
.0465 
.0494 



8.2419 
3088 
3G68 
4179 
4637 
50o0 

8.5428 
5776 
6097 
6397 
6677 
6940 



.0623 8.7188 

.0552 7423 

.0581 7645 

.0610 7867 

.0640 ^803! 

.0669 8251 



.0698 
.0727 
.0756 
.0785 
.0814 
.0843 

.0872 
.0901 
,0929 
,0958 
,0987 
1016 



8.8436 
8613 
8783 
8946 
9104 
9256 

8.9403 
9545 
9682 
9816 
9945 

9.0070 



. 1045 9 
;1074 

.lloa 

.1132 
.1161 " 
.1190 

.1219 9 
.1248 
.1276 
.1305 
.1334 
.1363 

.1392 9.14^6 
.1421 1525 
.1449 1612 
.1478 . 1697 
.1507^ 1781 
.1536 1863 

.1564 9.1943 
Nat. Log. . 




Cotinet 
Nat. Lof 

1.0000 0.0000 
1.0000 0000 
1.0000. 0000 
l.OOOC 0000 
.9999 0000 
.9999 0000 

.9908 9.9999 
.9998 9999 
.9997 9999 
.9997 9909 
.9996 • 9998 
.9995 9998 

.9994 9.9097 
.9993 9997 
.9992 9996 
.9990 9996 
.9089 9995 
.9988 9995 

.9986 9.9994 
.9985 9993 
.9983 9993 
.9081 9992 
.9980 9991 
.9978 9990 

.9976 9.9989 
.9974 9989 
.9971 9988 
.9969 9987 
.9967 99^6 
.9964 9985 

.0962 9.9983 
.9959 9982 
.9957 9981 
.9934 $980 
.9951 9979 
.9948 9977 

.9945 9.9971Q 
.9942 9975 
.9939 9973 
.9936. 9972 
.9932 9971 
.9929 9969 

.d925 9.9968 
.9922 9966 
918 9964 
.9914. 9963 
.9911 ■ 9961 
.9907 99j!9 

;9903 0.9958 
.9899 9956 
.9804 9954 
.9890 9952 
.9886-^ 9950 
.9881 9948 

.9877 9-. 9946 
Nat. Log. 

Sinea 



Tangentv 
Nat. Log. 

.0000 m 
.0029 7.4637 
.C<)58 7648 171.89 
.0087 '940^^ 114.59 
.0116 8.0658 85.940 
.0145 1(527 68.750 



.0175 8.2419 
.0204 3080 
.0233 3669 
.0262 4181 
.0291 4638 
.0320 5033 

.0349 8.5431 

.0378 5779 

.0407 6101 

.0437 6401 

.0^6 6682 

.0495 6945 



.0524 
.055a 
.0582 
.0612 
.0641 
.0670 

.0699 
.0729 
.0758 
.0787 
.0816 
.0846 

.0875 

;0904 

.0934 

.0963 

.0992. 

.1022 

.1051 
.;080 
.1110 
.1139 
. a69 
.119 



8.7194 
7429 
7652 
7805 
80G7 
8261 

8.8446 
8624 
8795 
8960 
9118 
9272 

8.9420 
9503 
9701 
9836 
9966 

9.0093 

9.0216 
0336 



Cotangenta 



Nat. Log 

343.77 2:5363 



2352 
0591 
1.934 
8373 



57.290 1.7581 



49.104 
42.964 
38.188 
34.368 
31.242 



6911 
6331 
5819 
5362 
4947 



28.636 1.4569 
26.432 4221 



3899 
3599 
3318 
3055 

1.2806 
2571 
2348 
2135 
1933 
1739 




.12 

.12S7 0995 

.1287 1096 

A3V^- 1194 

.1346 1291 

. 1376. 1385 

.1405 9.1478 
. 1435 1569 
.1465 1658 
. 1495 1745 
1524 . 1831 
: 1554 1915 
.1584 9.1997 
Nat. Lor. 
Cotangenta 



24.542 
22.904 
21.470 
20.206 

19.081 
18.075 
17.169 
16.350 
15.605 
14.924 

14.301 1 
13.727 
13.197 
12.706 
12.251 
11.826 

11,430 1 
11.059 
10.712 
10.385 
10.078 
9.7882 0. 
9.5144 0. 
9.2553 
9.0098 
8.7769 
8.5555 
8.a450 

8.1443 0.9109 
9530 9005 
7704 8904 
6058 . 8806 
4287 8709 
2687 8615 
7.1J54 0.8522 82* 



.1554 
1376 
1205 
1040 
0882 
0728 

.0580 
0437 
0299 
0164 
0034 

.9907 

.9784 
9664 
9547 
9433 
9322 
9214 



6.9682 
6.8260 
6.6912 
6.5606 
6.4348 
6.3)138 

Nat.^ 

^Tangcnta 



8431 
8342 
8255 
8169 
8085 

0.8003181 
Log. 



AngJe 

OO^OO' 
50 
40 

30 
20 
10 

8U* 00' 

50 
40 
30 
20 
10 

88*00' 

50 
40 

30 
20 
10 

87* 00' 

50 
40 

30 
20 
10 

86*00' 
50 
40 
30 
20 
10 

85*00' 

50 
40 
30 
20 
10 

84*00' 

50 
40 

.30 
20 
10 



83^ 



00* 
50 
40 
30 
20 
10 

00' 
50 
40 

30- 
20 
10 

00' 



Anglea 



\ 
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Appendix B (Continued) 

Trigonometric Functions 



SifiM 



Nst 
.1M4 

.1593 
.1022 
.1050 
.1679 
.1708 

.1736 
.1765 
.1794 
.1822 
.1851 
.1880 



"Log. 
9.1943 
2022 
2100 
2176 
2251 
2324 

9.2397 
2468 
2538 
2606 
2674 
2740 



.1908 9.2806 
. 1937 2870 
. 1965 2934 
. 1904 2997 
.2022 3058 
.2051 3119 

.2079 9.3179 

.2103 3238 

.2136 3296 

.2164 3353 

.2193 3410 

.2221 3466 

.2250 9.3521 
.2278 3575 
.2306 3029 
.2334 3682 
.2363 3734 
.2391 3786 

.2419'9.3837t' 
.2447 3887 
.2476 3937 
:2504 3986 
.2532 4035 
.2560 4083 

.2588 9.4130 
.2616 4177 



.2644 
.2672 
.2700 
.2728 



4223 
4269 
4314 
4359 



.2756 9.4403 

.2784 4447 

.2812 4491 

.2840 4533 

2868 4576 

.2896 4018 

2924 9.4659 

2952 470U 



2979 
3007 
.3035 



4741 
4781 
4821 



.3062 4861 

3090 9.4900 
Nat. Loc 

Coaioca 



Coeine* ' 
Nmt. Ld(c 
.9877 9.9946 
.9872 9944 
,9868 9942 
.98t)3 9940 
.9858 9938 
.9853 0936 



.9848 
.9843 
.9838 
.9833 
.9827 
.9822 

.981.6 
.9811 
.9805 
,9799 
.9793 
.9787 

.9781 
.9775 
.9769 
.9763 
.9757 
.9730 

.9744 9.9887 
i9737 9884 
.9730 9881 
.9724 9878 
.9717 9875 
.9710 9872 

.9703 9.9869 
.9896 9866 
.9689 9863 
.9681 9859 
.9674 9856 
.9667 9853 



9.0934 
9931 
9929 
9927 
9924 
9922 

9.9919 
9917 
9914 
9912 
9909 
9907 

9.9904 
9901 
9899 
9896 
9893 
9890 



.9659 
.9652 
.9644 
.9636 
.9628 
;9621 

.9613 
.9605 
.9.596 
.9588 
.9580 
.9672 

.9563 

0555 

9346 
.9537 
.95^8 
.9520 

9511 9.9782 
Nat. Log, 

Sine«t> ■ 



9.9849 
9846 
9843 
9839 
9836 
9832 

9.9828 
9825 
9821 
9817 
9814 
9810 

9.9806 
"9802 
9798 
9794 
' 9790 
9786 



Tangenta 

Nat. Log 

.1584 9.1997 
. 1614 2078 
. 1644 2158 
. 1673 2236 
.1703 2313 
.1733 2389 

.1763 9.2403 
. 1793 25 
. 1823 2(309 
. 1853 268U 
. 1883 2750 

. 1914 2819 



.1944 
,1974 
.2004 
.2035 
.2065 
.2095 

.2126 
.2156 
.2186 
.2217 
.2247 
.2278 

.2309 
.2339 
.2370 
.2401 
.2432 
2462 

.2493 
.2524 
.2556 
.2686 
.2617 
.2648 

.2679 
.2711 
.2742 
.2773 
.2805 
.2836 

.2867 
.2899 
.2931 
.2962 
.2994 
.3026 

.3057 
.3089 
.3121 
.3153 
.3185 
.3217 



3.4844F 
5.3955 
5.3093 
3.2267 

6.1446 0. 
6.0658 
9894 
4.9152 
8430 
4.7729 

4.7040 0. 

6382 
4.5736 
345814.5107 
4.4494 
3897 



9.2887 
2953 
3020 
3085 
3149 
3212 

9.3275 
3336 
3397 



3517 
3676 

9.3634 
3691 
3748 
3801 
3869 
.3914 

9.3968 
4021 
4074 
4127 
4178 
4230|3 

9.4281 
4331 
4381 
4430 
4479 
4527 



9.4575 
4622 
4669 
4716 
4762 
480813 

9.4863 
4898 
4943 
4987 

6031 
6076 



.'3249 9.-51l8]3 
Nat, Log. 

Cotangent* 



Cotangents 

Log 



Nat. 

6.3138 0.81 
6:1970 
0.0844 
S.9758 
5.8708 
7094 



7922 
784 
77(i4 
7rt8 



761 

5.6713 0.7.537 
5.5704 7404 
I 



739 

7250 
-LSI 



7113 70*00' 



3315 0 
4.2747 
4.2193 
1653 
1126 
4.0611 
0108 
9617 
3.9136 
3.8667 
3.8208 
7760 

7321 
3.6891 
3.6470 
6069 
6656. 
3.6261 



7047 
«9S0 
6915 
0851 
6788 

6725 
6664 
6603 
6542 
6483 
6424 

6366 
6309 
6252 
6190 
6141 
6086 




6669 

6619 
5670 
6521 
6473 



3.4874 
.4496 
.4124 
.3759 
,3402 
.3063 

.2709 
.2371 
.2041 
.1716 

vl397 
1084 



63781 
6331 
6284 
6238 
6192 

0.5147 
6102 
6087 
6013 

' 4969 
4926] 



0777 0. 4882 
Nat.- Log 

Tangenta 



Ang]«s 

81"00' 
50 
40 
30 
20 
10 
SO'OO' 
60 
40 
30 
20 
10 



60 
40 
30 
20 
10 

78»00' 
.tO 
40 
.30 
20 
10 

77* 00* 
'60 
40 
30 
20 
10 
76*00' 
60 
40 
30 
20 
10 

0.6719|73»00' 



50 
40 
30 
20 
10 



0.6426 74* CO 



•^40 
30 
20 
10 

TS'OO' 

50 
40 
.•JO^ 
30 
10 

72* W 



Angles 



Appendix B \Conumied) 
Trigonometric Funcik^s 



Angles 

18*»00' 
10 
20 
30 
40 
50 

19** OO' 
10 
20 
30 
40 
50 

:>0* GO' 
10 
20 
30 
40 
^ 50 

21^00' 
10 
20 
30 
40 
50 

22^ 00' 
10 
20 
30 
40 
60 

23^ OC 
10 
' 20 
30 
40 
60 

24^ 00' 

_ 10 
20 
^ 30 
- 40 
150 
25?0ft'^ 

20^ 
* 30 
40 

26^ OC 
10, 
20 
30 
40 
60 

2Ta(y 



Sinee 



Log. 
9,4900 
4939 
4977 
50j 
505J 
5090 



Nat. 

.3090 
.3118 
,3145 
.3173 
.3201 
.3228 

.3256 
.3283 
.3311 
.3338 
.3365 
.3393 

.3420 
.344$ 
.3475 
.3502 
.3529 
.3557 

.358t 
.3611 
.3638 
3665 
.3692 
.3719 

.3746 9.5736 
.3773 5767 
,3800 5798 
.3827 5828 
,3854 5859 
.3881 5889 

.3907 9.5919 
.3934 5948 
.3961 5978 
.3987 6007 
.4014 • 6036 
.4041 _6066 



fit 

I90*> 



Cosines 



Nat:- 
.9511 
.9502 
.9492 
.9483 
9474 
^.9465 



9.5126 .0455 
5163 .9446 
5199, .9436 
5235^ .9426 
5270' -.9417 
5306 .9407 



9.5341 
5375 
64091 
5443 
5477 
5510 

9.5543 
5576 
. 5609 
5641 
5673 
5704 



Angka 



.4067. 
.4094 
.4120 
.4147 

>^173- 
-.4^00 

.4226 
.4253 
.4279 
.4305 
.4331. 
,4358 

.4410 
.4436 
^4462. 
;448S 
.4514 



9.6093 
- 6121 
6149 
6177 
. 6205 
a:6?32 

9:6259 
- 62185 
6313 
6340 

. -0306. 

. 6392 

9.6418 
6444 
^470 
-6406 

- ' 65:^1 
6546 



Log. 
9.9782 
9778 
9774 
9770 
9765! 
9761! 

9.9757' 
9752; 
9748 
9743 
9739 
9734| 

9.97:)0 
97 J 
9721 
9716 
9711 
9706 
9.9702 
9697 
9692 
9687 
9682 
. 9677 

9.9672 
9667 
^ 9661 
9656 
• 9651 
9646 

9 .'9640 
9635 



Tangents 
Nat. Log. 
.3249 9.5118 
.3281 5161 
.3>l4 5203 
.3346 5245 
,3378 5287 
.3411 5329 

.3443 9.5370 

.3476 5411 

.3508 5451 

.3541 5491 

.3574 5531 

.3607 5571 



Cotangents 

Nat. Log 
3.0777 0.4882 



.4540 9,6670 
Nat. Log. 

Cosines 



.931)7 
. 93S7 
.9377 
.9367 
.9356 
.9340 

.9336 
,9325 
<9315 
.9304 
.9293 
.9283 

.9272 
.9261 
.9250 
,9239 
,9228 
.9216 

,9205 
.9194 
.9182 
.9171 
.9159 
,9147 

,9135 
,9124 
.9112 
.9100 
.9058. 
.9075 

.9063- 
.9051 
.9038 
.9026 
.9013 
.9001 

;8988- 0^9537 
.8975 9530 
.8902 .. #524 
,8949 . #518 
.8936. 9512 
,8923 9506 

.8910 9,9199 
Nat. *Lo^, 

Sines' 



9629 
9624 
9618 
9613 

9.9607 
9602 
9596 
9590 
9584 
96791 

9.9573 
. 9567 
. 9501 
9556 
9549 
9643 



.3640 
.3073 
.3706 
.3739 
.3772 
.380.^) 

.3839 
3872 
. .3906 
.3939 

'^3973 
..400G 

!4040 
,4074 
,4108 
.4142 
.4170 
.4210 

,4245 
.4271) 
.43M 
,434K 
.4383 
.41J7.- 

. .i452 : 
.'.487 
. 1522 
. i557 
.•i692 
.4628 

T46&3 ! 
\4099 
:4734 
.4770 ' 
,4806 
.4841 

.4877 9.6^82 
.4913 " 6914 



9.5611 
665:0 
5089 
5727 
5706 
5804 

9.5842 
5879 
5917 
. 5954 
5991 
^ 6028 

9.6064 
6100 
6136 
6172 
6208 
1O243 

9.6279 
6314 
6348 
6383 
0417 
6452; 

9.6486 
6520 
6553 
6587 
6620 
6654 

9v6687 
6720 
-0762 
6785 
6817 2. 
6850 2. 



3.0475 
3.0178 
2.9887 
2.9600 
2.9319 



4839 
4797 
4755 
1713 
i671 



2.9042 0.4630 



2.8770 
2.8502 
2.8239 
2.7980 
2.7725 
7475 
2.7228 
2.6985 
2.6746 
2.6511 
2.6279 

2.6051 
2.5826 
2.5605 
2.5386 
2.5172 
2.4960 

.4751 
.4545 
.4342 
.4142 
.3945 
.3730 

.3559 

. yr.-)9- 

.31n3 
. 2093 
2M7 
2637 



4589 
4549 
4509 
4469 
4429 

0.4389 
4350 
431 
4273 
4234 
4196 



2. 



.4&50 
.4986 

:5022-- 

; 60r»t^ - 



6940 
6977- 
7009 
7040 



.5i;9.'- 9 7072 
Mat Log.' 

Cotftngt?nt3 . 



.2100 
.2280 
.2113 
. 1943 
.1775 
. 1609. 

.rT45 

. 1283' 
.1123 
.01^06 
.0809f 
0665 



.4158 
412 
40S3 
4046 
4009 
3972 

0.3936 
-3900 
3861 
* 3828 
37-^2 
37.57 
0.3721 
3686 
:305 
3017 
3583 
3548 

O.^^U 
■ 3480 
3447 
3413 
3380 

0.3313 
o28(j 
3J46 

• -3216 
3183 
3150 



2.0503 
2.0353 
2.0204 
2,0057 

i-.99i:^ 
1,9708' 
1.9626 
Vat. 



0:3118 
3086 
30.31 
3023 

' •.2i?9r 

. £900 
0.20281 
Log 



Angles 



72*= 



7V 



70« 



OO' 
50 
40 
30 
20 
10 

OO' 

60 

40 

30 

20 

10 

00' 

50 

40 

30 

20 

10 

00' 
50 
40 

3C 



68^ 



10 

00' 
50 
^0 

3fO 
20 
10 

67^ 00' 
50" 
40 
30 
20 
10 

fiO? 00' , 
50 
40 
30 
20 

^^10 . 
OS^-^06^ 

m 

40 
-30 
20 . 
10 



04- 



0:i 



• 00' 
50 
40 
30' 
20 

io; 

00' 



98. 



'Api>cndix B{Co)ifintted) 

TRK;o.Vo\fn*KK: FrNCTio.vs 



27*00' 

10 
») 
30 
40 
• £0 



28* 



29* 



30' 



00' 
10 
20 
30 
40 
5Q 

00' 
10 
20 
30 
40 
50 

cxy 

10 
20 
30 
40 
50- 

OC 
10 
20 
30 
40 
50 

OV 
10 
20 
30 

10 ^ 

20 
30 
.40 
■)0 

< 10 
20 
30 
40 
50 

10 

20 

40 
60 

Aniclet 



Sine* 

Nat. Logl 

.4540 9.6570 

.4566 6595 

.4592 6620 

.4617 6644 

.4643 6668 

.4669 6692 

.4685*9.6716 
.4720 • 6740 



.4746 
.4772 
.4797 
.4823 

.4848 
.4874 
.4899 
.4924 
.4950 
.4975 

.5000 
.5025, 
.5050 
.5075 
.5100 
.5125 

.5150 9.7118 
.^175 7l39 



6763 
6787 
63l0 
6333 

9.6856 
6878 
6901 
6923 
6946 
6968 

9.6990 
7012 
7033 
7055 
7076 
7097 



.5200 
.5225 
.5250 
.5275 



7160 
7181 
7201 
7222 



.5299 9.7242 
.5324 7262 
\o348 ^ 7282 
.5373 . 7302 
.5398 ' 7322 
.5422 '7342 

.5446 9.7361 
.5471 7380 
.5495 7400 
.5519 7419 
.5544 7438 
..5o68 7457 

..5502^ 9.747B 
.5016 749-4 
.5640 75l;J 
.5664 7531 
.5688 ♦ 755f? 
.5712 7568 

.&736 9J5m 
7CW 
7622 
07540 
7657 
7675 

5878 9?7692 
Nat. Log, 

Cosines 




Coflinet / 

Nat. Log 

.8910 9.9499 

.8897 ^92 

.8884 9486 

.S870 9479 

.8857 9473 

.3^43 9466 

.8829 9.9459 
.8816 \ 9453 
.8802 ^446 
.8788 9439 
.8774 9432 
.8760 9425 



.8746 
.8732 
.8748 
.8704 
.8689 
.8675 

.8660 
.8646 
.8631 
.•8616 
.8601 
.8587 



9.9418 
9411 
9404 
9397 
9390 
9383 

9.9375 
9368 
9361 
9353 
^6 
9338 



.8572 0.9331 

.8557 9323 

.8542 0315 

.8526 9308 

.8511 9300 

.8496 9292 

.8480 9.9284 

.8465 9276 



.8450 , 
.8434 
' .8418 
.8403 

.8387 9 
.8371 
.8355 
.8339 
.8323 
.8307 

.8290*9 
.8274 ' 
.8258 
.^241 
.8225 
.8208^ 

.8192* 9 
.8175 
.8158 
.8141 
.8124 
.8107 

.8090 9.9080 
Nat. . Lo 



9268 
9260 
9252 
9244 

.9236 
, 9J28 
9219 
»9211 
9203 
9194 

.9186 
9177 
9169 
9160 
9151 
9142 

.9134 
9125 
9116 
9107 
.9098 
9089 




Taagenta. 

Nat. ' Log, 
.5095 9.7022' 
.5132 7103 
.5169 7X34 
.5206 7165 
.5243 7196 
.5280 7226 



.5317 9.7257 
.5354 728 
,5392 7317 
.5430 7348 
.5407 7378 
.5.505 7408 

.5543 ,9.7438 
.5581 74Ji7 
.5619 7497 
.5658' 7526 
. 569(3 7556 
. 5735 7585 



.5774 
.5812 
.3851 
.5890 
.5930 
.5969 

.6009 
.6048 
.6088 
.6128 
.6168 
.6208 

.6249 
.6289 
^6330 
.6371 
.6412 
.6453 



9.7614 
7fl4 
7673 
7701 
7730 

, 7759 

9.77881 
7816 
7845 
7873 
7902 

' 7930 

9.7958 
J7986 
8014 
8042 
8070 

. 8097 



.6494 9 

.6536 

.65:^7 

.6619 

.6(361 

.6703 . 

.6745 9, 

.6.787 

.6830 • 

.6873 

.6916 

.6959 



8125 
8153 
8180 
8208 
8235 
8263 

8290 
8317 
8344 
8371 
8398 
8425 



.7002 9.8452 
.7046 ^79 
.7089 8506 
.7133- 8533 
.7177 8559 
.7221 8586 

.7265 9.8613 
Nat. Log. 
Cotangents 



Cotangents 

Nat. L^g. 
1.962G »0.2928 

1.948(L 2897 

1.9347 2866 

1.9210 2835 

1 JH)74 2804 

1.8940 2774 

1.8807.0.2743 
1.8676 2713 



1.8546 
i.S418 
1.8291 
1.8165 



2fe83 
2652 
2622 
2592 



1.8040 0.2562 
1.7917 2533 



1 . 7796 
1 . 7675 
1.7556 
1.7437 



2^503 
2474 
2444 
241 

.2386 
2356 
2327 
2299 
22701 
2241 

.2212 
2184 
'2155 
2127 
2098 
2070 

2042 
2014 
1986 
1958 
1930 
1003 

1.5399 0.1875 
1.5301 1H47 



.7321 
.7205 
.7090 
.6977 

,6864 
,6753 

,6643 0. 
,6534 
6426 ' 
6319 
6212 
6107 

600.^ 0. 
5900 
5798 
5697 
5597 
,5497 



1.5204 
1.5108 
1.5013 
1.4919 



1820 
1792 
1765 
173 



1.4826 0.1710|56^ 
1.4733 1683 
1.4641 1656 
1.4550 1629 
1.4460 1602 
1.4370 1575 



1.4281 0.1548 
1.4193. • 1521 
1.410G 
1.4019 
1.3934 
1.3848 

1.3764 0 
Nat 



1491 
1467 
14*41 
141 1 

.i:J87 



Tangtnts 



Angles 

63*0(r 

50 
'40 
30 
20 
\0 

62** 00' 
50 
40 
30 
20 
10 

61** 00'*' 
50 
40 . 
30 
^ 20 
10 

60** 00' 
50 
40 
80 
20 
10 

59*00 

50 
40 
30 
20 
10 

58** CiO' 
50 
40 
30 
.20 
10 



57^ 



55^ 



54* 



*'00 
50 
40 
30 
20 
10 

• 00.. 
50 
40 
30 
20 
10 

OO' 

50 

40 

3D 

20 

10 

00' 



Angles 



99 



\ Appendix B {Continued) 



'jQwcoNOMEmiC' Functions 



Aa^M 


8{SM ' 


CocinM 


Tadgents 


Cotancenta 


Andes 




•N«t. 


'Lot- 


N»t. 


Loc. 


N«t. 




Nat. 


Log. 




3«»00'' 


.5878 9.7002 


.8090 9.908C 


1 .7205 9.80JJ 


1 1.376^ 


0.138> 


^ 64^00*' 


10 


.5901 


7710 


.8073 


• 907C 


1 .7310 


863S 


1 1.3680 


1-36^ 


50 


20 


'.5926 


, 7727 


.8050 


9061 


7355 


S6a(j 


\ 1.3597 


133)( 


\ 40 


3ft 


.5948 


77« 


.8039 


9052 


.7400 




' 1.3514 


130S 


1 30 


40 


.5972 


7701 


80.21 


9042 


.7445 


^8718 


11.3432 


1285 


\ 20 


BO 


.599^' 


777.S 


.8004 


9033 


.7490 


8745 


1.3351 


125^ 


» 10 


37*00' 


.»18 9.779.1 


.7980 9.9023 


.7530 


9.U771 


1 3270 


0.122S 


\ 53* 00' 


- 10 


.0041 


•7811 


.7969 


0014 


.7581 


8797 


1.3190 


1203 


50 


20 . 


.0005 


782S 


.7931 


• 9004 


;-7027 


• 8824 


1.3111 


1176 


40 


80 


*0O88 


■ 7844 


.7934 


8995 


.7073 


8850 


1.3032 


1150 


30 


40 


.0111 


'7801 


.7916 


8985 


.7720 


887<3 


1.2954 


m4 


20 


fiO 


.0134 


7877 


.7J98 


8975 


.7706 


8902 


1.2876 


109S 


1. 10 


38«00* 


-.0157 9.7893 


.7880 9.8965 


.7813 


9.8928 


1.279^ 0.1072 
1.2723 iai6 


52« 00' 


10 


.8180 


7910 


.7862 


8955 


.7860 


89:)4 


50 


20 


.0202 . 


792C 


.7844 
.7826 


8945 


.7907 


8980 


1.2647 


1020 


40 


30 


.6225 


7941 


8935 


.7954 


900G 


1.2572 


09^ 


30 


.40 


.0248 


7957 


-.7808 


8925 


.8002 


9032 


1.2497 


0968 


20* 


50 


.0271 


7973 


.7790 


8915 


.80.SO 


9068 


1.2423 


0942 


10 


39»00' 


.0293 9.7989 


.7771- 


9.8905 


.8098 9.9084 


1.2349 


0.0916 


51^00' 


10 


.6316 


8004 


.7753 


8895 


.8146 


9110 


1.2276 


0890 


50 


20 


.0338 


8020 


.7735 


8884 


.8195 


. 9135 


1.2203 


0865 


40 


30 


.6361 


8035 


.7716 


8874 


.8243 


Old 


1.2131 


0830 


30 


40 


.6383 


8050 


.7698 


8864 


.8292 


9187 


1.2059 


0813 


20 


GO 


.6406 


8060 


.7679 


■8853 


.8342' 


9212 


1.1988 


,0788 


10 


40" OC 


.6428 9.8081 


.7600 9.8843 


.8391 


9^238, 


1.1918 0.0762 


50*? 00' 


10 


;6450 


8096 


.7642 


•8}>32 


- .8441 


' 9264 


1.1847 


073(J 


50 


20 


.6472 


8111 


.7623 


8821 


■ .8491 


" 9289 


1.1778 


0711 


40 


30 


.6494 s 


8125 


.7604 


8810 


.8541 


9315 


1.1708 


0685 


30 


40 


.0517 


8140 


.7585 


8800 


.8591 


9341 


K1640 


0659 


20 


SO 


.6539 


8155 


.7666 


• 8789 


.8642 


9306 


1.1571 


0634 


10 


41*00' 


.0561 9.8109 


.7647 9.8Z78 


.8693 9.9392 


1.1504 


0.0608 




10 


■ .0583 


8184 


.7528 


8767 


.8744, 


9<17 


r. 1436 


0583 


50 


20 


i00O4 


8198 


.7609 


8750 


.8796 


9443 


1.1369 


0577 


40 


. 30- 


.0626 


8213 


.7490 


8745 


.8847 


9468 


1.1303 


0532 


- 30 


40* ' 


.0048 


8227 


.7470 
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MODIFICATIONS 



of this publication has (have) been deleted i,n 

* <• _ * 

adapting this material ft>r inclusion in the "Trial Implementation of a 

Model System to ^Provide Military Curriculum Materials for Use in Vocational 

and Technical Education. Deleted material involves ex'tensive use* of 

mlUtnry forms, ^procedures, systems, etc. and was not considered appropriate 

for use in vocat^.onal and, technical education. 
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IjpCATION 

liDEimriER I 



TIME or 

REPORT 



Z CHARACTER | WEATHER AND I 

I - OWCHOES ^ I INTENSITY. I 

ABQ i 1605 Z i AREA 0 j TRW-j 



INTENSITY 
TENDENCY 

/+ 



! DECODED REPORT I 

XiitUad AFD NM. Special observation at 160^ Z broken area of echoes con- 
' Uixung thunderstorms prod»cin| light rain »hov/er» at the surface These echoes 

are ipcr^asing in intensity. Area extends from 4°ias nautical miles l& 221^1 1 5 nau- ^ % 

tic*l miles, is 100 nautical miles wide, moving from 270 degrees at 30 knot» M4;tj- . y 

mum top of the detectable moisture is 3S, 000 feet MSL Hail 3/4 inch in diameter 

was* reported in An echo at 310°4S nautical miles * 

The iibove report »• for the echo area in radarscope picture The slash mark (/) »« 
, used to separate the intensity of the echo fromthe intensity tenden|y ^ ♦ 

■ IMUHHilMilMilHBIMilMilMilHBIMilMilMilMilMilMilMiiaBtlHBIMilM^ 

TIME or REPORT ' • , . 

Time of observation (24-hour clock) in Greenwich Mean Time Given only in ob- 

servaUoae containng hurricane dau, an important change in echo pattern, or trans- , 
I nutted out of the SOUS «can period. 

I HBI Mil MilMil Mil MilMil BHIMi I MB t Mil MMtMil MB I MB I iMI HBiaHi t MB l« 

CH^blACTER or ECHOES 



DEriNITION 
Independent convective echo 
An ar^a lets than 1/10 covered with echoes 
An are* 1/10 to 5/10 covered with echoes _ 
• An are^ 6/10 or more covered with echoes, 
but with breaks 

Solid area ■ Contiguous echoes covering usually more 

than 9/10 of the reported areas. 



CHARACTER 
Isolated echo . . . . 
Widely scattered area 
Scattered area .... 
.Broken are& 



CONTRACTION 
CELL 

AREAWDLY0 

area(Jj 



Li&e o( widely 
scattered echoes . 
Line pi scattered echoes . 
•^nf^^^^Cilbroken echoes 
Solid une of echoes. . . 
Spxr^^ band area . . 



Stratified elevated echo 

•<©■(!) "(D> 

rine line 



(See widely scattered area). . . 

(See scattered area) 

(See brokett'area) .* ^ 

(See solid area) 

Curved lines of echoes, including wall cloud, which- 
occur in coyiection with a hurricane, tropical storm 
or typhoon 
Precipitation aloft 




AND AREA 



0' 



I xinejine . » narrow, non prccipiiaiion ccno «is»ww*«»cw 

I With a meteorological discontinuity riNE LN 

^I^BIBHIIBBilMilMiliitelBMIBMIHBliaiBIHBIMilMilflBliaBilMilMilMilMilM 



Narrow, _non precipitation echo associated 
)gical 

T 
i 



^ LYR 



PRECIPITATION SYMBOLS.' NO INTENSITY 
SYMBOLS USED. 



PRECIPITATION* SYMBOLS , 

RW Rain Showers T Thunderstorms 

R \ Rain 2R Preeting Rain 



ll^lMilMilMilMilMilMilMilHBilMi| 

. i 



I 

i 

*MilMilMilHBlABIHBlMBIBHI,iMI 



A - Hail 
IP - Ice Pellets 
IPW- Ice Pellet Showers 



L 
S 

sw 

ZL 



- Drizzle . 

- Snow * 

- Snow Showers / 
Preezing Drizzle 



INTENSITY rOR PCPN SYMBOLS ABOVE 



Very Ught - - 
Light 

Moderate No Sign 



Heavy 
Very Heavy 
Unknown U 



I 

i 



INTENSITY TREND 
TREND 
Increasing 
Unchanging. . 
Decreasing. ^ 
New. ..... 



contraction 
new' 

Omit 



Unknown . , , , ^ 

The intensity trend i> observed anJ^cvaluatcd in 
terms of the net change in the characteristic • 
lOtensity.du'ring a specified period, which is on^ 
hour for lines and areas and fifteen minutes (or * 
( ells. 



Poldout^S 





LOCATION AND DIMENSIONS OF ECHOES 



I . . ■ MOVEMENT 5 ECHG^TOPS 

I 4/125 221/(15 lOOW | 2730 ! 



MAX TOP 




J. 

I 



DIMENSIONS OF ECHOES 

Width (W) or diameter (D) are reported .n 
nautical m^ei The average w,dth of hnrs 
and rectangular areai, and the average 
diameter of celii and roughly circular 
areas, are reported 



MOVEMENT 

Direttu^n. to neareft t«n decree* from 
\^hich. and speed m knots with which, tht 
echo 15 moving Both cell ^nd system 
movement are reported Line movement 
f reported in terms oj the component 
orr perrdJcuUr to the *ixis 
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R&MAKKS 



350 AT' 310/451 1 INCH HAIL 310/45! 



I 



OPERATIONAL ^TATUS ^ 

STATUS * ' ' ' 

{!), Equipment uerformAnce normal on PPI ican. echoe% not obierved 
ii) Equipment out of >er\ic^yfor preventise maintenance resulting m 

lofs of PPI presentation ... ^ - ' 

* <The contracjion is followed by a <2ate-tsme group to indicate the 

esfimated time when operation wiU be resumed ) ^ 
O) Observation omitted for a reason other th*n those above, or 



not available 



COWTR ACTION 
PPI!«E 

4 

PPIOM 



PPINA 



<4) Radar not operating on RHI mode, echo altitude measurements 
not available 



RHINO 

ar\'o 

ROBEPS 



(5) A-scop« or A/R indicator not operating ^ /\ 

(6) Radar operating belovk, performanc e standards y 
A contraction p«rtaining to the topeVational status of the equipoient is sent at £«rquired 
by the table above fn the aboN e hst. "PPI" refers to the radarscope (Plan po^itioq 
Indicator); fhe additional letters refer to "no echo'' (NE). W^mtwm 

GENERAL NOTES * ' ^ - 

Rare^ Identifier , • " ' • 

SD (Storm DetettionW-Identifies rjxet^^ie jk9 a weather radar observation ^ 
' When the report contains an important change in e^ho pattern^,, or some other 
special criteria gn en ir^the Weather Radar Manual. ParJ A has been met. it 

ts'designated as a sp«cial (SPL)^ * ' ' ^ 

■ / , 

Intensity of ,precipitatioo ^t distances exceeding 125 nautical miles from a FPS-77 
or otber radar of similar sensitivity, or 75 miles from other radafs. _will be 
reported as uhknown (U). Intensities of snow, 
reported. 

One rajnfall irttensity category is selected to charactepre' each reported echo 
' system. For convective systems, it i4 the maximum mtenstty in the 4ystem 
For other systems, it is the intensity predominant in horizontal extent 

persisting echoes are indicat»d;in remarks 



hail, drizzle, and-«l«el are not* 



V 



.J 



LpCATIONOF ECHOES . ^ . 

v., Location* of echoes are relatf^'eto the radar position The azimuth m degrees \r i> 
^ 'and the distance m nautiial miivi] to salient points of the echoes are gjven 
2 If the echoes are arranged in a line, the azimnth and distance will be given to as 

manv joints along the axis of tn<; line as are necessary to establish its shape 
J. If an irregularly shaped area is covered b\ echoes, the azimuth and rang*'.to salient 

points on the perimeter of the area ^xIll be reported as necessary to reconstruct thr 
• shape and size of the echo area. • ^ 

4 If an area of echoes of roufhly circular shape is observed, or if a single echo *u^H a:* 

« thunderstorm cell i> observed, the azimuth and ranlje^to the center of the area or . 

cell will be reported , " ' 

ECHQiTOPS 

Maximum he'ight of dej^table moisture, m hundreds of feet above rnean sea 
level. Tops are not reported beyond \Z0 nautical mile range 

^UNUSUAL ECHO FORMATIONS 
Certain types of severe jtorms produce distinctive patterns on the radar 
scope. F^r example, the hook-shaped echo associated with torandoes and 
the spiral bands uith hurricanes. The bright band is a narrow horizontal layer 
of intensified rad»r '^Inal a short distance below the 0°C isotherm (Melting 
.level). Unusual echo formations will be reported in remarks 



Foldout 5. Synopsis for cl&ssificalion of radar echoes. 
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REPRESENTATIVE OBSERVING SITE 
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, TYPICAl EQUIPMENT LOCATION' 




2V'""""?;«V"ia';"1.v n'"" ' «n.i«ii.i«.fi..i.. 

-K a../Cm;-10 Indicator Kecorder, 9. Aneroid Bd:oaeter « 
S counted on stand. 21** ahnu* - lA i v v' jj > 



S3. 

is: 



57. 
3 

s3. 



Dounied on stand, 21'* abovt 
. platfora. 

AN/TMQ-11 Indicator 

Bench (Top 30" abovt platfoc 

Incercoa 

Selector Switch 
' ^!icrob24ocrdph 

Autographic Tranacrlbtr (Top 

flush ulth Bench) 

A^7CMQ-ll Recorder 



10. 
11. 
12. 

n. 

lA. 
15. 



16. 
17. 



i*.. . - • "-^ - j-^^.s.*.* A,, oottx« ryp« tiecc Hater Cooler I 
>}iiiiiiiiViiimii • M uiiiii. iiiniin,,!,.,, , uiliuu uiiiimiiuiiiiiiiiim 



All/CHQ-U' Ifndlctcor 
Teletype^ 

4" Raised Platfor* 
Chair 

Cocuunlcfklorif Junction Box 
Heather Equipment Junction Box - 
Colutafala Type A Surface Cabinet 
12" X 18" X A" 
Toilet Facilities 
Bottle Type Elect Hater Cooler 
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WORKBOOK 

Unit Operatton, Equipment, and Special Topics 





This workbook places the materials you need where you need them while you 
are st.udy.ng In it, you- will find the Chapter R*yiew Exercises arid their answers 
and the Volume Review Exercise. You can easily compare textual references 
with chapter exerc.se items without flipping pages back and "forth in your text 
YOU will not misplace ^ny one of these essential study materialsXYoli will have 
a single reference pamphlet in the proper sequence for learning. 

These devices in your workbook are autoinstructional aids. They take the 

classroom. The workbook puts these self-teachers into one booklet., If you will 
follow the study plan given in "Your Key to Career Development," which is 
m your course packet, you will be leading yourself by easily learned steps to 
mastery of your, text. 4 * 

If you have, any questions which you cannot answer by referring to "Your 
S ? 5^"'"^> Development" or your course material, use ECI Form 17 
send it to Tc? andVyourJrviuiry fully and 

_^ K^ep^the rest of this workbook in your files. Do not return any o*er"part of 



J " 

* 

EXTENSrO.X COURSE I.\STITUTE r- 
Air University 



TABLE OF CONTENTS 

Stud> Reference Guide 

Chapter Review ExerciNCN 

Answers For Chapter' Review Exercises 

Volume Review Exercise 

ECI .Form No. 17 
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STUDY RfeFERENCE GUIDE 



^.Vse ,Hs GuUe^as a Study Aid. it emphasizes all important stud.; areas of this volume. 

^>^"^:u^'^ ^--t aUer 

number corresponds to the Guide Number in hU Qn.l o / '^'S*' ""mber m parenthesis. That 
the answer.to that VRE ite^ can be tuid th tLf S^^^ Gu,dc which shows you where 
VRE, refer to the areas in the text inSed hv .h J x, 'he items in vour 

sent to you on a postcard wtich S i l ,he JL/ ^'p?" ^'^^ ^'^"''^ 

booklet and locate the Guide SLb r for eacM em JfjT 'T'"^' °° '° ^""^ ""^^ 
back to your textbook, and careTul y r^vi w th TreTs cover.^'l'^l'' ^n"^' i"'^^" g° 

the entire VRE again before you tak'e ThT doJed-S ^ELmStSn''^ 

be '^^:fVm^Z£i^lr^% ^'^^ -"'^s will 

The card will list C^e .wrrrrelaTin^ "Unsatisfactory" completion. 

Guide and draw a Z under'te' Sl de Vu°mb r ' P^^'LT": eren« T'"' 
msure your mastery of the course. ' reference. Review these area.s to 



Guide 

Number Guide Numbers 100 through 114 

100 Introduction; AWS Mission and Organiza- 
tion; Career Progression; pages 1-6 

101 Training; Training Program. Determining 
Traming Requirements. Administering the 
•Training Program; pages 6-12 

102 Training; General Military Training, Miscel- 
laneous Training, Surface Observing Certifi- 
cation and Authentication of NonWeather 
Personnel' (AWSR50-10); pages 12-16 

103 Management and Supervision; pages, 16-21 

104 Introduction; Fundamentals ^of Meteorology; 
Pre.ssure and Wind Circulation; pages 22-27 

105 Fundamentals of Meteorology; Temperature 
and Moisture. Airmasses. Frontal Weather 
Effects; pages 27-34 

106 Mathematics and Meteorological Tables; In- 
terpolation; pages 34-36 

107 Mathematics and Meteorological Tables< 
Table Preparation; pages 36-42 



Guide 
Number • 



108 
109 
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112 



113 
114 



Introduction; Manipulating Surface Observ- 
ing Equipment; Cloud Height Measuring 
Sets; pages 43-50 

Manipulating Surface Ob.serving Equipment- 
Visibility Measuring Equipment. Precipita- 
non Gage.' Pressure Instruments; pages 50- 

Manipulating Surface Observing Equipment; 
Temperature-Humidity Measuring Instru- 
ments. Wind Measuring Sets; pages 57-63 
Storm Detection Radar; Radarscopes. Azi- 
muth and Range (A' R). Range and Height 
Indicator (RHI), Plan Position Indicator 
(PPI). Radar Terms; pages 63-68 
S^orm Detection Radar; Operating Controls. 
Radar Observing Techniques. Storm Echoes: 
pages 68-76 

Observing Facilities. Logs, and Equipment; 
pages 76-83 

Communications and Copving Equipment' 
pages 83-89 - m k 
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MODIFICATIONS 



( ^^3 oL~ {j) o f this f>ublication has (have) been" deleted in 
adapting this material for inclusion in 'the "Trial Implementation of a 



Model System to' Provide Military Curriculum Materials for Usej-in Vocational, 
and Technical Education." Deleted material involves extensive use of 
military forms, -procedures, systems, etc. and was no.t considered appropriate 
For use in vocational and technical education. 
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Section 5 



Objectivesr(l) To be abjg to explain the fundamentals of the general circulation, pressure pattefns, Nand 
local winds; (2) to be able to describe the methods of heat transfef and the gre^enhouse ef(ect, (3) tcKbe 
able to explain the change of state processes, (4) to show ability, to identify the airmass types and class- 
ifications; (5) to be able to describe how airmasses are modified, and (6) to identify the wcaiher' patterns \ 
and frontal effects associated with the cold, warm^ and occluded frontal system^^ 

1. Why are the boundaries between layers of the atmosphere diffuse and difficult^^ identify? (5-1) 



2, ' What is the relationsliip between air temperature and the ability of the air to support moisture? (5-2)' 



3. Why is water, vapor of major importance in meteorology? (5-2) 
4^- What is the primary cause of all weather phenomena? (5-3) 



5. What fcwo reason? cause the general circulation to assume the theoretical "three-cell" pattern? (5-4 j 

6. In the Northern Hemisph'bre, where are the areas of high pressure foun^.<5>5), 

I 

7. What causes the variation of position and intensity of the semipermanent pressure systems? (5-7) 

^ \ ■ > . . ■ .\ 

8. What are the names of the semipermanent high- and low-pressure systems of the Northern 

^ Hjjmisphere? (5-8) . ' ^ • - ^4 

r ' • ' ' . ■ 

9. What [S the relationship between the upper level flow and the migratory pressure systems? (^-8, 9) 

- • . " • >. 

10. What causes the local winds to* sometimes differ from the general circulation winds? (5 9) 



4 



11. What are the four categories of local winds? (5-10) 



9 

12. When radiational cooling occurs in the mountains, what type of wind occurs? WhaJ is its name? 
' (5-10; Fig. 7) 



13. What type of wind occurs when the air becomes lighter than the surrounding air and rises up the 
mountain slopes? (5*10; Fig. 8) ' ^ . * 



14. Explain the 



eason "sea breezes*' occur in the afternoon hours along coastal areas? (5-11, Fig. 9) 



j 
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15. Use each lettered. sentence fragment to complete the partial statement below. Then write T or F 
for tru* or false, after each part of the items. - • ' 



A fall wind ' 

(L is warm, dry, and gusty. 
yt ^. may attain velocities of 100 mph or more. 

c. has little i^oisture. 

d. flows down the mountam. 

e. is colder, level for level, than the surrounding air as it descends . 
(512) 



f 



16. Use each^lettered sentence fragment to complete th? partial statement below. Then write T or F 
for true or false, after each part of the items. 

< 

A foehn wind ' 



w||m, dry, and gusty. 
. is cold, dry, and gusty. " « 

c. is moist and warm. 

■ — ' < 

ti is. found on leeward side of mountains. 

IS caused by the warming of air as it descends *a mountain slope. 
' <5.13; Fig. 10) ^ • 

17. What causes the increase in temperature' w^en a "foehn" winc^ occurs? (5-13) 

0-. ii 

18. What is the name of the phenomenon or condition that occurs>when there is strong flow perpendicular 
(0 a mountain range and the windspeed increases rapidly with altitude? (5-14) 



19.. What type of clouds are associated with the mountain wave? (5-15-; Fig. 11) 

V • 



20. Name the four basic methods of heat transfer. (5-18) 
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2}. ^;he earth receives what kind of radiation from the sun? The earth radiates what kind of radi^ion? {5-19) 

22. The method of heat transfer that requires direct contact is called . (5-20) 

# 23. What is the difference between the advecti(jn and convection method of heat transfer? (5-21) 

V 

\ 

24. Using the principles of the "greenhouse effect/* mark the statements that are true or* false. 

a. Water vapor and clouds absorbs greater amount of long-wave radiation , than short-wave radiation. 

^ b. When the air is dry, the greenhouse effect is at a maximuih. . ' 

c. The greenhouse effect causes a higher average surface temperature on cloudy nighty. j| 
(5-23) ' . • . ' 

. 25^How^does the atmosphere receive its moisture? .(5-24) • ■ ^ 

T 

26. In the summer, as you near a large b<?tly of water, what would you expect the temperature to da? 
JVhy? (5-24) ^ , • • 

27. What IS the principle factor whi^h determines the amount of evaporationjhat wiU take place? (5-25) 

28. Saturation of the air can pccur by the addition of 



or by . it. (5-25) 

29? The process accounts for the removal of most of the water 

ydpor in the atmosphere. (5-26) 
30. The change-of-state process by which a solid changes directly to a gas or a gas to a solid is called 

the process. (5-27) 

• - ■ ■ 11 
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3L What type of cfouds are usually formed by the process of sublimation? (5-27) 



32. An airmass may be ^fined as a 4arge body of air having about the same 



- and \ : properties. (5-29) 



33. What three factors determine the properties of an airmass? (5-29) 



34. What are the requirements of a good source region? (5-31). 



35. How are airmasses labeled? (5'32) 

36. What determines whether an airmass is classified as "w" or "Ic"? '(5-32, 33) . 

Th If you were new at your weather station, what source of information would give you a fast 
reference |s to the type of airmasses that affecf your station? (5-36) 



38. if an airmass moves from a Polar region out over a large body of water, what woul^be the * 
probable airmass classification? Why? (5-32-38) * ^ ^ ^ 

• 

39. What determines the type and intensity of frontal weather? (5-42) 



40. What differences in airmass properties and characteristics are used to locate and identify fronts? (5-44) 
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41. The discontinuity of wind across a front is primarily one c^f a change in (5-45) 



« 



42. When the warm air ahead of a cold front is moist and unstable, what ty^e of clouds are associated 
with the front? (5-47; Fig. 12) 



43. When the air behind the cold front is moist and stable, what type of weather occurs after frontal 
. passage? (5-48; Fig. 12) ' 



44. How does a warm front generally differ from a cold front?. (5-50) 



(is 1; Fig. j; 



45. What IS the general sequence of clouds with fhe approach of a warm front? (5-51; Fig. j3) 

f 



46. If^lTe advancing cold front remains. on* the surface and forces the warm front ^nd warm air aloft, ' 
what type of ocj:lusion occurs? (5-53; Fig. 14) 



•0 . ] 



47. If the cold front overtakes the warm front and th^ cool air be'hirjd the cold front slides up over 
the colder air ahead of the warm front, what type of occju'si'on 'occU'rs? (5-54; Fig. 15) 

... " 1"'- \ ' < 



hewan 



48. How do the weather patterns differ in th'^arm and cold front xreclusions? (5-55; Figs. 14, 15) 




Section 6 ^r' s » 

"Objectives: (1) To be able to explain the use of mathematics in table Construction; (2) to show ability to 
determine values from tables; and (3) to describe the preparation of meteorological tables. 

1. Using table 3, determine the sea-level pressure when the corrected station pressure is 29.94 inches 
and the 12-hour mean temperature is 18** F. (6-2-6; Table 3) 



• 2» Name two methods used to construct altimeter setting tables. (6-9) 



3. When using the computer to determine an altimeter setting, what information is required? (6-9) 

4. The first step, when using the computer to obtain an altimeter seating, is to obtain station pressure 
to the nearest ^ inch. (6-10) 

/ 

5. When computing an aftimeter setting by the Manual of Barometry method, what is the next 
step after finding the pressure altitude corresponding to your station pressure? (6-11) 



6. Where would you find information concerning the extreme station pressure values for your 
station? (6-13) . 



7. What information do you need to know when you reduce station pr^ure to sea level using the 
Pressure Reduction Computer? (6-16) 

# 



1 

8. What is the basic formula, in the Manual of Barometry, for determining sea-level pressure values? (6-18) 



9. Using tables 5 and 6,b station pressure-^of 28.00 inches Hg, a station elevation of 600 meters, and 
a 12-hour jmean tegpo^ature of ^p** F., determine the sea-level pressure value. (6-18, 19; Tables 5, 6) ^ 



10. What trigonometric function determines angles that correspond to cloud height values? (6-21) 



11. In a right tr^gle, what sides are used to determine the natural tangent value for angle A? 
(6-21, 22; Fig, 19) 



> 
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12. Using Appendix a basdinc of 400 feci and an observed cloud Vieiglvl of 450 feel determine the 
maximum angle thai corresponds to tlie reportable height value oImOO feet. (6-25-28, App^ B) 



^CHAPTER 3 



Section 7 



Objective: To be able to cxplam operating mcthods>for obtaining proper measurement from surface 
observing equipment. . 

I. Ceilomeiers are operated, when clouds exist within what range? <7-5) 
9 ' , ^ 



icit. of 



2. During sweep adjustmcift.of the RBC. if the sweep does not appear at 0^ what control is admsicd? 
(7'6) 



( 

3. What does the sync pulse indicate? {1*1^ » 



4. What point of the RBC scope beam represents the base-of the^jloud?. fT-Q, a) 

- ) ■ . y 

5. On l|ie RBC, what is indicated by a wide trace at tlic bottom that-.tapers as it nioVes upward? 

.J.. . ' ' 

6. ^hat is the' JoweV'Iiniit of cloud detection on the AN/TPQ-II radar cloud detecting sei? (7-10) 



7. What AN/TPQ~ll control aids' evaluation of multiple cloud layers? (7.|4) 

\ . • 

8. A wider range of power returns can be shown in mode on tiie TPQ-ll. (7.|5) 



,4 -llt^ 



9, Select the sellings from each of TPC^ 1 controls below thafSvould best record echo returns 
• during light rain from nimbostratus/^T-lJJ; Table 9) 

^ ■ \ 

Modc-LOG or UN. * ^ 

* ■ . ^ - • . 

Normalizalion-OPF or 15.000. 

i . " ' 

Quamiaufr^YES or NO. 

ISO-ECHO-ON or OFF. "* - 

, V . .. ^ 

10. in general, reliable clo^d ba^^o measurement by the AN/TPQ^Il radar is confined to what kiiul ot 
♦ ^ clo*^d base? *(7.|9) 

# 

11. When IS AN/TPQ-11 cloud lop measurement unreliable' (7.20) 



12. ^True or false. The transmissometer can best supply ^a general visibility indicatnon in a!l dircLttoiis. 
(7.22; Fig. 20) 



13. What is the purpose of the ANyFMN--l compxiter light intensity detector' (7-25) 



14. What IS the purpose of the light.sctting switch on the AN/FMN^I coftiputer? (7.2.5) 



IS. During HIGH mode operation of the transmissometer. a 60-percent value actually indicates 
-^^^ percent iransmissivity. {7-27) 



16. How many inches of liquid precipitation does the measuring tube of the ram gage represeni * 30) 



17. How closely should you read the rain gage measuring slictf? (7-32) 
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18. How should you find the water equivalent of solid precipitation? (7.33) 

19. A proper location for an anerbid barometer ^is one that nnriimizes what effects? ^T^l) 

20. Tcr what accuracy should you read the aneroid barometer? (7-38j ^ 



J 



21. What type of barometer is the barograph? (7-39) 



22. Calibration error, -capillarity, and imperfect vacuure are grouped as what type of barometer' error 
(7-44) . ■ 

/ { : : ■ •. 

23. What is the purpose 6f the attached thermometer on the mercurial barometer? (7-45) 



2y What does each graduation on the, mercurial barometer vernier scale equal? *'(7.47) 



25. What precaution is necessary when moistening the wet bulb during high^temperaUl're and low ' 
' feumiditv? (7-55) ^ ^ y ^ . 



26. Give three precautions to observe while whirling the sling psychrometer? ,(7-6Q) 



27. When reading the thermometer, what are two sources of inaccuracy to avoid? (7.61) 



28. How excessive must be the error before the standby system replaces the TiMQ-ll? (7-63) 
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29. ;The wind indjc^tor dial and recorder chart. provides wind direction in relation id which north, 
• ifi^gnetic^or trtfc? (7-65) ■ ^- ' * 



30. When is if mandatory to change the wind recorder chart?;, (7-66) 

t 

Sections 8, 9, and 10 

Objectives: To be able to: (I) name the basic controls for operating the FPS--77 radar; (2) state how 
each control contributes to detection of storms and severe weather, (3) state the general criteria of good 
observing facUities and state essential rules affecting the locations of the various types of observmg sites, 
(4) describe how to maintain records for equipment operating logs and communication outages, and (5) 
explain the purpose of duplication equipment. 

1. What are some of the advantages of the FPS-77 over previous radar sets? (8-1) 



2. What are the types of" scopes used on the FPS-77 radar? (8-2) 



3. When using the A/R scope, what does the height of the blip indicate? (8-3) 



4. )^hat type of presentation is displayed on the RHI scope? (8-4) 



5. What type of presentation is displayed on the PPI scope? (8-5) 

6. Can the remote scope of the FPS-77 radar work independently of the main PPI scope? (8-7) 



7. Check your understanding of the principles related to inherent errors in radarscope interpretation by 
, completing each of the following items. 

\g. The four technical terms used to describe possible errors in radarscope interpretation are / 

■ — - » , , and . . 
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h. Attenuation is reduction of radar energy because of 
or 



tne radar 



J c. Resolution is the ability of tfie radar sef to 
d. The three types of target resolution are 



between two targets. 



aad 



r 



e. The ability of a radar set to separate*two closely spaced targets at the same range and elevation is ^ 

. resolution. 

/ The ability of a radar set to differentiate between two targets at the same bearing but at different 

« 

ranges is resolution. 

/ 

X. The abilitv of a radaf i>et to differentiate between too closely spaced targets which are positiorfed 



at the same range and bearing is 



resolution. 



h. The bending of the radar waves* through the atmosphere is caused by density differences and is 
-'classified as .j ^ 

/. Under abnomal atmospheric conditions,' the radar . beam can be refracted or distorted so that it 
causes echoes to appear on radarscopes where no clouds exist. This is classified as 



(8.8-14) 

8. What is the main purpose of the IF ATTENUATOR on the FPS-77? (8-18) 

'■.')■■ 

What IS the mam advantage of the ISO ECHO alarm circuit on the FPS-77? (8^20) 



it). What is the echo memory feature on the FPS-77? (8-22) 



11/ Classification of echoes for reporting purposes involves consideration of 



, continuity of pattern, and meteorological processes. (8-24) 
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12. How does the appearance of conveclive echoes differ from stratiform echoes on the FPS-77 PPl 
scope? (8*25) 



13. The FPS-77 radar provides quantitative measurements of signal intensity by, using the 
— feature. (8-26) 



14. How can you accurately determine the range and width of an echo on the FPS-77? (8-31) 



15. How i5,echo movement and speed determined on the FPS-77? (8-32) 



16. A bright band normally occurs in the region of melting snow about 1000 feet 
the melting level (O'' C). (8-35) 



r 

17. What does a squall Ime resemble on the PPI scope? (8-37) 



18. What type of configuration does a tornado produce on the PPI scope? (8-39) 

4 

49. What is generally the first indication on radar of an approaching hurricane? (8-40) >- 

/ 

20. What are two important operating precautions to remember when using the FPS-77 radar set? (8.43) 

21. What criteria should be considered when selecting a suitable location for an observing site? (9-2) 



22. After selecting a suitable location for a fixed observing site, what further criteria must be considered 
for the observing structure? (9-3-5) 
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23. The preferred configuration for a suffice observing structure is a ^ ^ building 

\ " - t . • ' ^ , 

near the i — of the primary instrumented runway. (9-7) 

> 

24. What is considered to be the location of the primary upper-air observing site? (9-10) 



25. What criteria should be considered when selecting an upper-air observing site? (9-10-12) 



>-^^ WS^.you.use tactical observing equipment without shelter, what sources t&ll you where you can 
obtain necessary shelter? (9-13) 



27. .Qfe^^t support functions will generally be . , — with and use the- 

' , as the function or unit they are supporting, (9-14) 

28. Using figure 49, at what time and how often are barometer comparison readings taken for 
standardizing a new aneroid barojueter? (9-16; Fig. 49) 



29. Before posting a niean correction to a new aneroid barometer, what criteria must be met for 
entries in column 14B of^AWS Form 85? (9-20; Fig. 49) ^ 



^ 30. How long is AWS'Form 85 kept on file? . (9-21) 



31. What is the purpose of AWS Form 42, Cojtimunications Outage Log? (9-22) 



32. Preventive maintenance listed on -6 work car^s shows the maintenance requirements 

and . . interval between permrmance of each routine. (9-26) 

33. Give two symptoms indicating that the chart drivp lever in the transmissometer might have been 
accidentally pushed to STOP, (9-30) 



34. Give one ^mptom indicating that the chart movement switch 6ft 4hc wind recorder might have 
been accidentally pushed off. (9^31) 



35. How can you ensure that the barograph chart cylinder is in place'' "-^9.32) ' 



36. -.Why. must you replace the wet-bulb wick periodically? (9-33) 



37. If you.liave a copper-brass rain gauge, what monflily maintenance is desjrable? (9-34) 



38. Why should weather observations be disseminated to users immediately?' (10-1) 

i ■ 

39. There are two major tyMs^of autographic transcriber systems used in the weather unit« What are 
these- systems and theitadvantages? (10-3-5) 



40. What requirement is placed updp the^se of voice communications in local dissemination and why 
•is it necessary? (10-8) 



41. What is your responsibility when the telephone is used as a bkckup method for disseminating 

weather observations? (ld-9) ' ' . < e - 



42. In addition to Ijie autographic systems and the 'telephone being used for dissemination of 
observations, there are two other systems quite common overseas.* What are these two other 
systems? (10-10, 11) ' 



43. How does tlje fpr^ster primarily use the /FSV? (10-13) 
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44. As a weather observer in a detachment, what would your duties include for transmisshn and 
receipt of weather dau via teletype? (10-15-, 16) / 



45. Where is the ADC AD position normally located? (10; 18) 



46, Where is the OWS system normally located, and what is transmitted over this system? (10-20, 21) 



47, What weather circuit utilizes the Model 311, Electronic Weather Data Printer? (10-22) 



48. What is the principal purpose the facsimile recorder? (10-23) 



49., WAaf precaution is necessary when utilizing the ozalid streamliner? (10-26) 
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MODIFICATIONS 



^ ~<£>i3 o f this publication has '(have) been deleted in" 



adapting this material for inclusion in the "Trial Implementa^en of a. 

Model System to Provide >filitary Curriculum Materials for Use in Vocational 

/ 

and Ti»chnica] Education/* Deleted material involves extensive use of 
mflitnry forms, procedures, systems, etc. * and was not considered appropriate 
for use Ln vocational and technical education. 



ANSWERS FOR CHAPTER REVIEW EXERCISES 

CHAPTER 2 
*^ 

Section 5 " « 

1. Because of the unequal distribution of atmospheric pressure and temperature. 

2. The relauonship between temperature and the moisture content of .the airis^tftat warm air suEports 
more moisture than cold air. 

3. Because the presence of water vapor is necessary for cloud formation, and it acts as a regulator of 
the earth's temperature. - ^ ' 

4. The primary cause of all weather phenomena is the unequal distribution of solar heat acting upon 
the earth and atmosphere. , . • , 

5. The rotation of the earth and the deflection of moving particles to the right in the Northern 
• Hemisphere establishes the "three-cell" pattern. 

6. At the pole and 30^ north. 

7. The unequal^eating of land and water masses cause a seasonal variation in position and mtensity 
of the systems. 

8. The Bermuda, Siberian, and Pacific HighS, and the Aleutian and Icelandic Lows. 

9. The migratory pressure systems generally move along in accordance with the upper level flow patter 

10. The rough land surfaces and the land and water temperature differences. 

IK Local-cooling, local-heating, adjacent local-heating and cooling, and the forced circulations. 

12. The local'cooling-type wind. The mountain breeze. 

13. The local-heating-type wind called the valley breeze. 

14. Sea breezes occur in tl^e afternoon hours at coastal areas due to the increased temperature of the 
land ,which causes hot aif to rise over it. Then the cooler air over the water flows landward to 
take its place. 4 

15. fl. F . 



16. a T 

C.F * ; 

e. T 

18. The mountain wave. 

19. Lenticular and roll clouds. 

20. Radiation, conducUon, advection, and convection. 

21. Short-wave; long'Wave. 

22. Conduction. ' " 

■23. Advection-transfers heat in the horuontal. whereas convection is the transport of heat in the vertical. 

24. a. T 

b. F 

c. T • ' • 

25. By evap6ration from lakes, rivers, and oceans. 

27. The ait temperiture. n,a, b, warn air can hold mo« moistwe than cold alt. 
.28. Water vapor; codling. 

29. Condensation. 

30. Sublimation. 

31. Cirrus clouds. 

32. Horizontal temperature and moisture. , ' 

tt' su'SS' °' ^"^^^ ^^'l time it remains over " 

JJifnT;'""'"'' °^ ' ^^^^ ^" have a fairly uniform surface (2) 

umform temperatures, and (3) preferably an area of Wgh pressure where .he air haTa tend^ to 
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35. According to source region. That is, *T" (tropical), "A'* (artic). "P** (polar), and "E*' (equatorial). 

36. Whether the airmass is warmer (w) than the underlying surface or colder (k) than the underlying 

. surface. ' 

37. The Terminal Forecast Reference File. 

38. mPku. Because as the airmass leaves the Polar source region and passes over water, it becomes moist 
(m). It came from a polar (?) region and is colder (k) than the underlying surface. The unstable 
(u) classification is because the airmass is receiving heat in its lower' layers and is, therefore, iaid 

to be unsuble. * , . 

• 

39. Frontal weather is determmed largely by the slope of the front, water vapor content and stability 
of the airmasscs, and tfie spc^d of the front. 

40. Temperature, water vapor content^ wind, cloud types, and pressure changes. 

41. Direction. * • 

42. - The clouds are* predominantly cumuliform. 

. ^ . 43. Low stratus clouds and fog persist for some tmie after frontal passage when the air behind t4;ic 

front is moist and stable. ' ^ , , 

44. A warm front differs from a cold front in that the associated weather pattern is more extensive 
with the wanrHront and precipitation is of a more continuous nature. ^ 

45. Cirrus, cirrostratus, altostratds,-and nimbostratus. 

46. A cold front occlusion. 

47. A warm front occlusion. , - 

48. The warm front occlusion hp a wider zone of weather and extends farther in advance of the 
warm occlusioif than with a cold front occlusion. - , . 

Section 6 

1. - ion.OMiii. {d^i,^fnh> 

2. The WBAN Manual of Barometry method and the method used in conjunction with the Pressure 
Reduction Computer. 

3. Station pressure and station elevation. 
,^ 4. !005 inch. . 

5. Subtract, algebraically, the station elevation from the pressure altitude value. 

/ '6. ^In the station Climatic Data Summaries. 
. • / 

7. Station pressure to the nearest .005 inch, the 12-hour mean temperature, and the derived "v" value. 
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9. 1019J mb. " \ ^ 

10. The Ungent function of angle A. 

11. The o^pp9fte>side over the adjacent side. 

12. 49°. 



CHAPTER 3 

Secdon 7 

1. Within the height measuring capability of the set. 

2. Sweep length control. 

3. Sync pulse indicates whether the indicator sweep and the projector ire synchronized 

4. The base of the cloud is at the widest part of the scope trace. ' 

5. It indicates vertical visibility into surface-based obscuring phenomena. 

6. 500 feet above the antenna. 

7. RANGE NORMALIZATION. 

8. LOG. I * * ■ 

9. Mode-LOG. 
Normalization-1 5,000.- 
Quantizer-YES. 

ISO-ECHO-Ol/ |J 

10. The sharply defined base of a nbnprecipitating cloud. 

11. When intense precipitation (over 0.75) inch/hour is occurring. 

12. False. 

13. To differentiate between day and night illumination. 

14. The svwtch allows selection of the' light setting for which you want computer values 

15. 12. • • ; 
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16. Two incKes; " '^^ 

17. To the nearest 0.01 of an inch. 

, 18. Pour a measured amounUof warm water into the r^in gage (collector ring and measuring tube 
removed), measure the entire amount in the measuring tube, and then subtract the amount of 
warm water that you added, 

19. Vibrations and variations of temperature. 

20. To the nearest 0.005 inch. 

21. A recording aneroid. 

22. Instrument' error. 

J3. To provide a basis for the temperature correction to the observed pressure. 

24. Two one-thousandths of an inch. 

25. 'Prevent the wick from drying out before the lowest reading is reached. 

26. Whirl the psychrometer in the.shade, free of obstructions, and away from your body while facing 
the wind. • \ 

27. Prevent your body heat fjrom affecting the thermometer and avoid parallax error. 

28. The error must exceed l"* F. in the dry bulb 'or f F. in dewpoint. 

29. Magnetic north. 

30. At 0000 LST on the first day of the month, 

' / 

Sections 8, 9, and 10 

1. The FPS-77 radar set is designed as a storm detection , radar, operating at a longer wavelength than 
earlier radar sets. This allows the set to detect storm cells better and have less attenuation from 
precipitation. ^ 

2. There are three types of scopes used on the FPS~77 radar. They are (1) the*^ scope, (2) the 
RHI scope, and (3) the A/R scope. ... 

3: The height o£ the blip on the A/R scope is an indication of echo intensity and actual range. 

4. The RHI scope displays a vertical cross section of the echoes. 

5.. TheTPI scope^ presents a maplike pictiue with the antenna at the center. 

6. No. The remote PPI scope operates only when the console PPI scope operates. 
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7. fl. attenuation, resolution; refraction, and anomalous propagation. 

b. reflection, absorption, or scattering. 

c. differentiate.* 

d. bearing', elevation^^d range. 

e. bearing. ^ / 
/ range. a ^ 

^ g. elevation. 
h. refraction. 
/. anomalous propagation. 

'8. The main purpose of the IF ATTENUATOR is t/permit comparison of target echo intensities by 
the "gain reduction method.'* / 

9. The ISO ECHO alarm allows you to set a predetermined threshold level that, when reached, will 
cause the buzzer to sound. This alerts you to storm development v«<thout continuous radar* 
monitoring. 

10. It is a feature on the PPI scope that retains the target pattern untU it is deliberately erased. 

11. Configuration, coverage. 

12. Convective echoes have sharp outlines and uneven texture, whereas stratiform echoes show uniform, 
sheetlike echoes with fuzzy borders. 

13. ISO ECHO. 

14. By using the RANGE STROBE on the A/R scope. 

1o.* "Write" a new pattern on the PPI scope without erasing the previous pattern. This enables you to 
determine the necessary information for computing movement and speed of the echo pattern. 

16. Below. 

17. A squall Ime pattern resembles a cold front on the PPI scope. 

18. A tornado normally is displayed as 4 figure. "6" on the PPI scope. , 

19. A prehurricane ^uall line, located about 200 mil^s from the center is usually the first indication 
of the approaching storm. 

* .. " - 

20. You should insure that the PPI intensity control is set at a level that will not burn the face of 
the tube, and the magnetron will be operated at the correct current level. 

..21. When selecting a suitable location for the observing site, you should consider local climatology, 
observing structure, length of instrument cable runs,' and communications requirements. 
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22. The structure should be constructed so as to provide adequate safety, working space, and basic 
human comforts. In addition, it must be suitably located on the airfield complex tKat affords an 
unobstructed view of both ends of the primary instrumented runway. 

23. Separate, midpoint. 

24. The primary upper-air observing site is considered to be at the location of the pressure measuring 
instrument used to calibrate the flight instruments. • ^ , _ 

25. A site should be selected that minimizes the ^probability of losing data due to fixed obstructions, 
such as^uildings, trees, and towtrs. 

26. A shelter may be obtained under TA 006 for tent-type shelters and TA 010 for vehicle-type shelters. 

27. Located, same, structure. 

^8. Barometer compyi^on readings are taken twice daily at 6-hour intervals with reading at the same 
two times each day for standardizing a new aneroid barometer. 

41 

29. You must have 20 consecutive daily comparisons (not including the first 5 days* readings) in which 
no entry in column MB has exceeded ±.010 or +0.3 mb. 

30. AWS Form 85 is kept on file until the aneroid barometer is replaced. 

31. AWS Form 42 should be used^for documenting communications outages. Time of initial notification 
of a deficiency and all followup calls should be recorded on AWS Form 42. . 

■'I r 

32. Minimum, maximum. 

33. With power^n, the chart does not move and the clock is not ticking. 

34. The power is on because the recorder lights are on, but the chart reel fails to move. 

35. Give the cylimder a gentle rotational twist to set the gears. 

36. The wet wick attracts dirt that* affects evaporation. 

1 

37. Monthly maintenance of the rain gage consists of keeping the overflow can, measuring tube and 
collector funnel clean and free from oxidation. This is done by. cleaning them with copper cleaner 
and/or fine steel wool. 

38. A completely accurate and representative observation is veiy perishable, and should be relayed as 
soon as possible. ^ 

39. The two most commpnly used autographic systems are Electrowriter and Telautograph. With either 
system, the weather observations are received as 'they a#e written; therVfore, no time lag is involved. 
Alsoi^ these systems provide a permanent record of the observation as it is written. 

40. Afreadback procedure is a requirement placed upon voice communications in iQcally disseminating 
data to ^insure that the data is corfectly received. 

41. .Ensure that the telephone is not "tied' up" with unofficial calls, 
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42. Two addiUonal systems quite common overseas for dissiminaUon of observations are tape recording 
devices and pony circuits. • 

43. Th'e forecaster uses the PFS to relay, the latest observation .and other weather data to aircraft. ' 

.44. The duties would include daily handling and transmission of weather data over weather teletype 
circuits, such as: transmitting surface observations, pilot reports, radar reports and terminal forecasts. 
Also. It will be necessary to correctly decode, edit, and post this weather data. 

45. The* 4PCAD position is usually located in the ROS. 

46. The OWS system is usually located Jn the communications room of tfte weather station, and all the 
meteorological data (other than the current weather observation) is transmitted on this system. 

47. The Model 311 Eiectfonic \\^e3ther.Data_ Printer is utilized on Comet HI. 

48. The facsimile recorder is used to receive weather charti that are plotted at various weather centrals 
and transmitted via cable to weather stations to provide weather support for their areas of concern. 

49. The ammonia used to process the reproduction is very toxic. Be sure to follow the operating 
instructions to avoid injury to yourself or someone else. 
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''sulE^rn Wr^. 2. USE NUMBER 
STOP- ^^'^ PENCIL. 

91 W I- — EXERCISE NUM- 
BER. 

25251 01 25 

VOLUME REVffiW EXERaSE . , 
CarefuUy read the following: 

DO'S: . , • 

1. Check the "course," "volume," and "form" numbers from the answer sheet 

address tab against the "VRE answer sheet identification number" in the 

nghthand column of the shipping h'st. If numbers do not match, take action 

_ to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from coIumnV 
to column. >. 

3. Use only medium sharp #1 black lead pencil for marking answer sheet. 

4. Circle- the correct answer in this test booklet. After you are sure of your 
answers, transfer them to the answer sheet. If you have to change an answer 
on the answer sheet, be sure that the erasure is complete. Use a clean eraser 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to -retuy entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your ' 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. 

DON'TS: 

1. Don't use answer sheets other than one furnished specif icaUy for each review 
exercise. 

2. Don't mark on the answer sheet except to fUl in marking blocks.' Double 
marks or excessive markings which overflow marking blocks will register as 
errors. 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

- ' k 

4. Don't use ink or any marking other than with a #1 black lead pencil. 

NOTE: The 3-digit number in parenthesis immediately following each item, num- 
ber in this Volume Review Exercise represents a Guide Number in the 
Study Reference Guide, which in turn indicates the area of the 4ext where 
• the answer to that iteili can be found. For proper use of these Guide 
Numbers in assisting you with your Volume Review Exercise, read care- 
fuUy the instructions in the heading of the Study Reference Guide. 
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Note to Sudent. This Volume Review Exercise contains 79 four-option it^ms and 1 ' three option item. 



Multiple Choice 

-I 

Note: The first three items in this exercise are, based on instructions that were included with yoiff 
course materials. The correctness or incorrectness of your answers to these items will be refiecte^ ' 
tot^ score. There are no Study Reference Guide subject-area numbers for these first three ' 

'l. The form number of this VRE must match 

a. my course number. _ ' 

b. my course volume number. 

c. the number of the Shipping List. 

d. the form number on the answer sheet. ^ 

2. So that the electronic scanner can properly score my answer sheet, I must mar4c my answers wit 

a. pen with blue ink. 

b. pen with black ink. 

c. number 1 black lead pencil. 

d. ball-point or liquid-lead pen. . 

3. If I tape, staple or mutilate my answer sheet; or if I do not cleanly erase when I make changes 
the sheet; or if I write oVer the numbers and symbols along the top margin of the sheet, 

a. I will receive a new answer sheet. 

b. my answer sheet will be hand-graded, t > • 

c. I will be required to retake the VRE. 

d. my answer sheet will be unscored or scored incorrecUy. 



Chapter 1 

4. (100) A primary mission of the AWS is ^ 

a. issuing a 6-inch snow accumulation forecast for a nearby city. 

b. providing a local Army commander with weather foVcasts for maneuvers. 

c. conducting seminars for the weather indoctrination of local Aero Club anji CAP members. 

d. providing weather information upon request to the Department of the Interior. ^ 

5. (100) According to the text, which' of the following is considered an environmental phenomena? 

a. Volcanic activity. c. Earthquakes. . 

b. Tornado activity. ' d. Solar flares. 

6. (100) Which of the following- weather units provides direct support to a numbere4-Ak Force 
headquarters? 

a. AWS. Squadron, 
b Wing^ d. Detachment. 
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7. (100) Successful operation of a weather detacKment is prinarily dependent upon the 

a. number of 7-level personnel assigned. and the*DETCO's ixperience. 

b. number of weather .officers and weather technicians assi jned. 

c. assigned mission and number of personnel assigned. 

d. technical competence and close cooperation of the assigiied personnel. 

8. (100) The difference between the weather specialty descrip ion of the weather observer and the 
weather observer technician is that the weath^ observer , " • 

a. does not become involved on supply and administrative ninctions. " 

b. observes and records weather elements. 

c. plots weather maps, charts, and diagrams. 

d. performs organizational maintenance on weather instnime|nts and* electronic weather equipment. 

9. (100) Completion of a CDC is required for award of which 

^ a. 25271, 30270, and 25291. 

b. 25251, 25271, and 25370. 

c. 25251 and 25390. . - . 

d. 25330 and 25570. 

10. (100) A weather equipment technician will normally be assi^ed to a detachment that has which 
type of equipment? 



of the following AFSC's? 



a. Radar and rawinsonde. 

b. vloud and wind measuring. 



c. Transmissometer and test. 

d. Temperature and humidity. 



11. 



(100) For which of the following activities or operations does the weather equipment superintendent 
have supervisory responsibility? 

a. Upper air research activities. 

b. Airborne and ground weather maintenance activities.^ 

c. Reconnaissance dropsonde operations. 

d. Radar and rawinsonde ^uipment operation. 

12. (101) What does the "dual-channel OJT concept" ^refer to? 

a. Proficienc^r and performance training. 

b. Performance and job specialty development. 

c. Career knoWledge and job proiiciency development. 

d. Job specialty, and job proficiency development. 

\ 

\ 

13. (101) Hie purpose of qualification training is to increase 

- a. knowledge and skiU in an AFSC, but will not result in awarding of a'higher AFSC. 

b. knowledge in^ an AFSC, but will not result in awarding of a higher AFSC. 

c. skill, not knowledge, in an AFSC and will result in awarding of a higher AFSC. 

d. knowledge and ski)l in an AFSC and will resuh in awarding of a higher AFSC. 
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'VriTUTTTih^lM^T if any, is-the weather-X)bsemr"AFSr?- 

a. A-highly technical sldlK ' c. C-semitechnical skill. 

b. B-technical skill. • "^^-None of the above. 

.1-5. (101) The person responsible for the overall supervision of ih% detachment's training program is the 

. ' 
<r a. DETCO. ' ' c. section supervisor. ' • s; 

b. training officer. ^ d! OJf supervisor. 

16. (101) Which of the following duties is most likely the responsibility of an OJT trainer? 

a. Inform DETCO of training status/ < 

b. Monitor requests for training classifications actions. 

c/lnitiate OJT status requests for airmen.^ ' » * . 

d. Conduct oral, written, or performance tests. 

17. (101) Which of the following options is an STS skill level code which indicates .that training is needed 
to a/ partially proficient performance level? 

a. 3c. ■ c. lb. 

b. 2b. ■ . d. 4b. 

18. (102) The purpose of general military training (GMT) is to 

a. improve the job proficiency of military members. . . 

b. improve .the discipline of military members. ' ^ 

c. insure that officers and airmen remain abreast of the latest technical developments. • . 

d. insure that officers and airmen are able to perform effectively in their .military capacity. 

Jj^.. (102) The purpose of AWSR 50-5, Mis(Jellaneous Training, is to " , 

a. insure that officers are trained properly. * 

b. insure that airmen are trained properly. " - 

c. list and consolidatf .training requirements not covered by OJT and GMT. 

d. list and consolidate all traiifingjevied by the Air For(^^ MAC, and AWS. 

20. (102) The purpose of training nonweather personnel in accordance with AWSR 50-10 is to 

a. afithenticate nonweather personnel to take limited surface observations.^ * \ 

b. teach .AFCS personnel weather amd its associated" problems. 

c. qualify, certify, and show GCA personnel the problems associated with weather observing. 
^* d. test nonweather personnel on their knowledge of weather. 

21. (103) The technique "inform observers in advance of changes" provides for which basic need 
, of people? 

a. Opportunity. ^ c- Belonging. 

^ b. Security. d. Recognitign. 

. ' 22. (103) Observing tasks are classified as '^variable" or "fi>;ed** when you are 

a. determining workload distribution. ' . c. establishing detachment operating instructions. 

b. determining leave schedules. . d. establishing standard procedures. 
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-•23, (103) Which of the following options is w/ an example of a unit effectiveness check by the 
chief observer? 



a. Conducting an observers* meeting. 

b. Watching an observer take an observation. 

c. Checking plotted stations on a weather map." 

d'. Checking die wind recorder rbll foF time checks. 

24. (103) What is the primary consideration, if any, for personnel utilization in a weaUier unit? 

a. Agreement with detachment policies. ^ 

b. The weather unit mission. 

. The popularity of each decision. ' - . • ' 

d. None of the above selections. ' 



25. (103) How will v^benefit by being selected as shift chief? 

\ '1 Your privilege^ii^ctwscd. ' * ^ 

b. It helps to gain d){per1ence as a supervisor. ' 

c. It insures you fetter undersUnding of human-relations. 

d. It enables you to stay proficient as an observer. 



Chapter 2 . 

i 

26. (104) Refer to figure 6 of the text. The three-ceU- circulation establishes belts.of surface winds 
which are prevailingly 

a. east^erly in midjatitudes, westerly on the polar, and easterly in the troiii;al latitudes.- 

b. easterly in midlatitudes and westerly in the tropical and polar latitudes., 

c. westerly in the midlatitudes and easterly in the tropical and polar latitudes. 

d. westerly sin tiie^idlatitudes and westerly in the tropi^l and polar latitudes. 

27. (104) Which of^the following is the classification for the mountain brtfeze? 

■ a. LocaLcooling. ^. . ' c. Adjacent-heating. 

b. Local-hpating. d. Adjacent-cooUng. / 

28. (104) At what time of day does the valley breeze teach its maximum windspeed? 

a. Sunrise. c. Sunset. 

-' Midnight. - d; Midafternoon. 

29. (104) At (What time of day does the sea breeze reach its maximum windspeed? 

a. Sunrise. ' c. Sunset. 

b. Midnight. d. Midafternooji. 

30. (104) What time of day would the land breeze be at its strongest? 

^ a. Just before dawn. , ' c. Afternoon, 

b. Just before midnight. d. Sunset. 

39. ' ^ . 



31. (104) When the bora wind occurs over the lolvlands in conjuction with counterclockwise circulation, 
there * 

X* 

' a/are clear skies and good'visibilities. * ' * V 

b. are scattered clouds and scattered showers. 

c. is considerable cloudiness and rain. 

d. is a noticeable decrease -in cloudiness ^d precipitation. * » ' 

32. ' (104) Which of the following is not 3. characteristic of a foehn wind? 
• - • 

a. .Warm, moist wind. ^ ' ' 

b. Warm, dry, and 'gusty wind. 

c. Found on the leeward side of mountains. 

d. Warming of cold air as it descends the mountain slope. . 

33. (104) ^nticular clouds may fori^ singularly or in layers 

a. " on the windward side of the mountain. - 

b. near the upper frontal surfaces. . , • , ' 
C. at heights usually above 20,000 feet. 

i below^the roll cloud. ^ 

.34. (105) Which tw^f the following hjsat transfer prpccsses are essentially alike except for direction 
vof movement? 

a. Radiation and convection. c. Advection and convection. 

b. Conduction and convection. d. Advection and conduction. 

35. (104) The heat transfer process which is most significant in the formation of clouds is 

a. conduction. . c. radiation. 

b. convection. • d. advection. , ^ 

36. (105) The physical act of changing the state of water to a water vapor is called 

a. evaporation. , c. saturation. 

b. . cb'ndensation. d. sublimation. 

37. (105) The process which accounts for most of the removal of water vapor from the atmosphere 
is caUed 

a. saturation. * * c. condensation. 

b. sublimation. d. evaporation. 

38. (105) The process by which water vapor is chanj/d to a liquid state is called 
a. evaporation. ^ c. condensation. 



b. sublimation, - ^ ' f d. crystallization 
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39. (105) An airmass is a large body .of air having . * • 

' 7"-^.- varying characteristic^- in a'-ver^ica! plane, ^ 

b. varying characteristics in a horizontal planeV , * 

. • c. about the same horizontal temperature and moisture properties. , * 

d. about the same vertical temperature and moisture properties. 

40. (105)' If an airma^^ moves out of a polar source ^Lon in the winter to an 'oc^^ 'area, how is the 
airmass classified? . ' ^ > , w » 

■ c. mPws. ^ - 

... - i).cPwu. - - . - d.mPku. . ■ 

41. (105) Which' of the following, options charactwizes the wether associated with an airfnass that is 
.r cooled from below? ; ^ ' 

a. Stratifonij clouds and good, visibility. 

b. Cumuljform. clouds and good visibility. 

c. Cumuliform <:louds and poor visibility. 

d. Stratiform clouds and poor visibility. ^ ' 

42. (105) Refer to figure 12 of the text. No weather "occurred prior to a frontal passage and the 
weather accompanying the front extends approximately lOO^niles behind the front. This front 
IS best-tieseribe^ as 

^ a. a fast-moving cold front. ( ^ ^ Ic. an occluded front. 

b: a slow.moving cold front. " * ^ d. a stationary front. '^^ 

43. (105) Refer to figure 13* of the text. The gradual thickening of cirrus^ouds usually Indicates 
the approach of ^ . ' , • 

■ /» 

a. a cold front. ' . c. an instabUity line. 

b. a warm front, , • d. an occlude^ front. 

/ 44. (105) Which of the following statements describes. the warm front^occlusion? 

a. The weather is found in the warm sector only. 

b. The weather is found behind the occlusion. 

c. The cold air behind the front is colder than the air ^ead of the warm front. 

d. The cold air ahead of the warm front is colder than the air behind the advancing cold- front. 

45. (105) The thunderstorms imbedded within the stratiform layer of the warm front occlusion 
usually occur 

a. with the passage of the surface cold front. 

b. with the passage o^the surface warm front. 

c. ahead of the surface warm, front. * ^ 

d. after passage of the surface warm' front. 

46. (106) Using table 3, interpolate to find the sea-level pressure for a mean temperature of 15° F ' 
and a station pressure of 29.750jnches. 

a. 1035.6 mbs. c. 1036.6 mbs. 

. ^- 1036.0 mbs. d. 1038.0 mbs. 
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-..^^403>JWi«n you-aF^SH»g--thc-pr«5wre--r«duction^-canputeta^ what 
informajion is requirCji? * " . . 



a. Statjjp .pressure and 12-hour mean temperature. ' 

b. Station pressure and station elevation. % 

c. Sea-level pressure and 12-hour, mean temperature. ^^^^ 

d. Sca^level pressure and station elevation. * 

48. (107) When computmg ^dtimeter setting valiies using the Manual of.Barometry method, what is the 
first step that must be performed? 

a. Enter the table with the station pressure reading. 

•b.. Enter the table with the station elevation. ^ 

c. Convert the station elevation>/to meters. 

d. Subtract station elevation from the pressure altitude value. 

49. t^O?) Using Ap{)en(Jix A, -determine the altimeter setting for a statign of 1500 feet elevation with 

a station pressure of 27.7Q inches. ^ • 

^^^^ ^ 

a. 29.25. c. 29.15. 

. b, 29.26. • . . - d. 29.16. 

50. (107) Using tables 5 and 6, determine the sea-level pressure when station pressure = 27.50 inches, 
12-hour mean temperature 50** F., and station elevation = 550 meters. 

a. 990.1 mbs. c. 1000.3 mbs. 

b. 995. i mbs. " d. 1002.3 mbs. - 

51. . (1Q7) Which of the following trigonometric functions is used to determine angles of reportable , 

heights in a right triangle? . 

a. Sine. * * ' c. Tamgent. 

b. Cosine. d. Cotangent. 

•♦ . ■ ' . ■ • 

Chapter 3 

^ • * 

SI. (108) Noise signals portrayed on the ceilom^er indicator can be recognized by their 



a. broad scope deflection. ' c. appearance on measuring scans. . 

b. tapered appearance. d. random patterns. 

53. (108) To minimize the ittembating effects of a strong, low-level echo return on the TPQ-11 scope, 
you should use the 

• a. ISO-ECHO. 

b. RANGE NORMALIZATION to 15000 Feet. 

c. LOG mode. ' => 

d. QUANTIZER. 

54. (108) A more detailed display of features within a cloud are attainable on the TPQ-11 recorder using ^ 

* ' . • 
, a. LOG mode. ' c. IF ATTENUATION. ^ 

'b> LIN mode. d. NORMALIZATION. 
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55. (109) What automa^iq /unction docs the Ught intensity detector of the RVR computer perfonn? 

a. ^elects a day or nSght light setting. 

b. Selects the day or night computer function. 

c. Makes background computations. 

, d. Processes received Jight for the computer.* 

56. (109) The overflow can of the rain gage 

' a. holds the measuring tube in place. » 
b. facilitates collection of solid precipitation. 
' c: represents a measured amount of precipi^tion. 

d. measures solid precipitation. 

57. (109) Before reading, the aneroid b.arqmeter sl^uld be- / , 

a. manually corrected for. tgft^^^T^ture.*^ ' , 

b. adjusted for proper tolerance: '^y^. * ' ' 

c. routinely coilij)§red to a liifcrobarbgrap^ 
(J. tapped lightfy. - ' 

58., Q09) When reading pressure instruments, you should reSd the 

a. aneroid barometer to the nearest 0.0 1 inch of mercury. 

b. microbarograph to the nearest 0.02 inch of mercury- 

c. ^ aneroid barometer to the nearest 0.001 inch of mercury, 
d' microbarograph to the nearest 0.005 inch of mercury. 

59. (109) Refer to figure 30,B, of the text. When a graduation on the vernier scale does not directly 
match a graduation on the fixed scale of the mercurial barometer, you should 

a. -read the lowest, valur of the two questionable graduations. 

b. read the highest value of the two questionable graduations. 

c. select a value halfway between the two graduations-. 

d. reset t)S vernier scale until.a reading is obtained where only one graduation lines up perfectly. 

60. (110) To obtain a correct temperature reading from the psychrometer, you should 

a. induce freezing of the wet-bulb wick at' wet-bulb temperatures 3^2° F. or below. 

b. ventilate the instrument 15 minutes before reading. 

c. sling the psychrometer- near your body to protect the instrument from the wind. 

d. repeat readings untif ^he wet-bulb temperature rises. • 

61. (110) If the dewpoint indicator reads higher than the temperature on the humidity-temperature set 
during 'periods of fog or precipitation, you should 

a. consider the dewpoint to be the .same as the temperature. 

b. use the psychrometer at the ROS. ^ 

c. consider the temperature to be the same as the higher value of the dewpoint. 

d. begin comparison readings for a 6-hour period. 
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62. (Ill) The RHI on the FPS-77 radar prcsenu a vertical cross section of^the echoes along any a2imuth 
from the earth's surface to the height limit of 

a. 5(mO feet. c. 100,000 feet. 

b. 40,000 or 80,000 feet. • .d. 20,000 or 40,000 feet. 

63. (Ill) The sweep ranges on \ht FP^-77 PPI scope are 

a. 30, 60; 120, and 200. . c. 20, 40, 60, and 100. 

b. 25, 50. 75, and 100. d. 25, 75, 100, ^nd 200. 

64. (1 1 1) Anomalous propagation of the "radar beam is most likely to occur when 

a. abnormal atmospheric conditions exist. 

b. light precipitation is occurring, > 

c. the radar set "is improperly tuned. 

d. the jmtehna is at higher elevation angles. , 

65. (112) Which control on the FPS-77 radar set prevents an echo target that is near the station from 
' appearing stronger than an equally intense target that is farther away? 

a. ISO-ECHO. - ' c- RANGE NORMALIZATION. ' 

b. IF ATTENUATOR. d. CFICON control. 

66. (112) The main advantage of the ISO ECHO alarm circuit on the- FPS-77 is that it 

a. elevates the intensity of echoes. 

b. warns you of a new echo. 

c. alerts you to -any further growth in the echo. 

d. prevents damage to .the PPI scope caused by strong echo returns. 

67. (112) Echo intensity on the FPS-77 radar can be accurately determined at ranges up to . 

a. 120 nautical miles: c. 150 nautical mUes. ^ 

b. 140 statue miles. d. 200 nautical miles. 

^ 68* (112) Which scope on the FPS-77 radar is best utilized to measure echo heights? 

a. PPI. - RHI. 

A/R. Remote scope. 

69. (112) At what height does the bright band normally occur? . _ V 

a. In the region of melting snow about 1000 feet below the melting level (0^ C). 

b. In the region of melting snow about 1000 feet above the melting level (0 C). 

: c. In the, region of freezing rain about 1000 feet above the melting level (0 C). ^ 
d. Near the freezing level in mature thunderstorms, tornadoes, or hurricanes. 

70. (113) Units which do not have an observing structure that meets the minimum ROS requirements 
may move into an operational control tower provided 

a. there is~200 square feet available for the observer. 

b. the necessary safety, field of view, and comfort for the observer are available. 

c. the necessary instrument readouts would be available £or the observer. 

d. approval is obtained from the host installation cojnmander. , 
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71. (113) -Dw solar observing functions making magnetometer, riometer, and ionospheric observations 
are normally situated in 

a. existing structures. 

b. specially designed facilities. 

c. the forecasting function. 

• 72. (113) Recording barometer comparisons' on AWS Form 85 for routine comparisons is accomplished 

f- ' ' c. monthly. - " 

• "^'^^y- ■■ d. as required by ASWM 105-8. 

73 (113) AWS Form 42 is used to document 

a. communications reports. c. communications outages. ' 

b. removal correction. ' d. maintenance routines. 

74. (H3) Which orthe following opUons is nor your responsibility in reference to the care of psychrometers? 

a. Placing new ivory black on worn etch marks. 

b. Replacing warm wicks on the wet bulb. 

- c. Checking the ^aspirator assembly for frayed or loose connections. 
A Replacing the blower bearings of the aspirator. * 

75. (114) The main advantage of autographic transcribers is that 

a. each receiving unit has a permanent record as the observation written. 

b. they improve the quality of your observation. 

c. they disseminate your observation automatically. 

d. this system eliminates transcribing errors and poor legibility. 

*> 

76. (114) When the telephone is used as a backup method for disseminating weather observations, your 
responsibility is to^ » / " 

a. check each time that an observation is made to insure operational effectiveness. 

b. insure that the telephone is not "tied up" with unofficial calls. 

c. use standard FAA contractions. 

,d. keep the piione number a secret in the weather station. 
,(1 14) A pony circuit is normally used in an ROS to 

a. transmit special observations only. 

b. transmit the observation for woridwide distribution. 

c. disseminate the observations to local users. 
^ d. disseminate to AFCS command only. 

78. (114) The purpose of the ADCAD system is to ^. % 

a. disseminate weather to the control tower. 

b. disseminate weather observations by longline in the United States. 

c. improve observer-forecaster communications. ' ' , 

d. relay pUoi reports. 
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79. (114) Obser^Tng and forecasting teams located at weather centrals prepare various charts and analysed 
that are necessary for weather station support. What type of equipment is used in the United States 
to receive these products? % ^ _ 

a. Szalid reproducer. ■ c. Facsimile and sattellite recorder. 

b. Thermofax reproducer. d. Zeroz recorder. 

80. (114) There are various types of copying equipment utilized in weather units. When using^one 
common type, extra precaution should be taken. What type is this and why the extra precaution? 

a. Thermofax, because of the bright light. ' 

b. Zeroz, because of the paper. . ' * " . 

c. Mimeograph, because of the blue ink process. ^ ' * 

d. Ozalid, because of the antmohia used in processing. 
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Preface 

■ AS A WEATHER observer you are responsible for taking weather observations 
at Air Force bases and Army airfields and for disseminating these observations 

•to using agencies. You need to be thoroughly famiUar with the rules and techniques 
, r^ed to make an accurate, representative weather observation. This course, 

CDC 25251, Weather Observer, enlarges on the knowledge skiUs "you have learned 

m the forinal school. The CDC helps you to maintain satisfactory job performance 

and to progress in your career field. . < 

This is Volume 2 of a four-volume course and consists of three chapters. The 
first chapter discusses the weather elements required for surface weather observa-, 
u^s. It presents operational remarks and includes the supplementary data that is 
added (appended) to 3- and 6-hourjy o^)servations. fThe chapter deals with pressure 
and methods of pressure reduction to compute sea-level pressure. Chapter 2 pro- 
vides guidance fqr encoding and disseminating weather observations and Uie proc- 
Ksmg of weaUier data. It also discusses Uie reporting and encoding procedures for 
RAREPs (radar reports). This discussion includes the criteria for taking radar ob- 
servations and encoding tiiem on AWS Form 104. Chapfer 3 concludes tiie volume 
with a presentation of weaUiej; station duties, such as station administration and 
supply. 

Five foldouts are printed and bound "at the end of this volume to provide ex- ' 
amples-of each cloud type and to provide examples of surface weather observation 
entiries on AWS Form 10 and weather radar observation entiries on AWS Fbrm 104. 

If you have questions on Uie accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send Uiem to Tech Tne Cen 
(TTOC), Chanute AEB IL 61868. 

If you have questions on course enrollment or administi:ation or on any of 
ECFs instructional aids (Your Key to Career Development, Study Reference 
Guide, Chapter Review Exercises, Volume Review Exercise, and Course Exami- 
nauon), consult your educatiqn officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send Uitfm to ECl, Gunter AFB AL 36118 
preferably on ECI Form 17, Student Request for Assistance. 

This volume is valued at"36 hou^(12 points). 

Material in Uiis volume is technically accurate, adequate, and current as of 
November 1971. ... 
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j Correction 

Change currency date to "April 1974.'' 

Change **thunderstorn'' to **thunderstorm/ * 

Change "alocumulus" to "altocumulus." 

Delete sentence beginning with **BI. . . 

Change "at the below" to***at and below/' 

Change sentence beginning with "A variable, r. to 
^A variable ceiling is always reported when the. 
celling IS less than 3.000 feet and is optional at 
higher levels." 

Delete. 

Insert paragraph 4itle "Bases and tops of layers." 

Delete "0918." 

Delete entire sentence. 

Change "VINOVC" TO "BINOVC" 

Change "R" to "RW" and "RW" \o "R." 

Change NOTE 2 to Fcad: "When the prevailing 
visibility 1$ estimated to be greater than the most 
distant marker, estimate the visibility to the.nearest 
reportable value and enter it in column 4." 

Delete. 
Delete. 

Change "longer" to" "larger." 

Change "INTMTR-" to "INTMT R-." 

Delete "- -'* for very light intensity." 

Delete the "Very Light" information. 

Delete the "Very Light" information. 

Delete the "Very Light" information. 

At bottom of table, delete "and •" vor very light 
intensity." ' 

Delete "beginning tim0." 
Delete. 

Change "time of ^ndin^" to "and." 

After the word, ^nidvement" delete remainder of 
paragraph. 

Change "MVG" to "MOVG." 
Delete "time of beginning." • 
Delete. 

Delete "B26." 

Delete "PK WND 30/45 35." 
Delete "time of ending." 



Pagt < Paragraph Linefs) 

35' 4-52 5, 6 

' 35 4-52 7,k 

.35,36 4-57* ~ / 

36 Texttable 

39 5-21 4. 5. 6. 7 

40 5-28 8 thru 12 

44 7-10 1. 2 

44 7-10. 4, 5. 6 

Col 2 

44 7-12 

44 7-13 



45 7-14 lO' 

45 8-2 



46 8-10 . 8 . 

49 8-37 

.50 . 9-9 10 • 

50 * 9-10 12 thru 16' 



Correction » 

Change to read: **Record Observation: T + MOVD 
E." ^ \ . 

Change to "TBOJ^ and delete "PK WND 

32/38 40."' 

Delete. 

Delete M text regarding "Showery precipitation'' 
and "Wet snow** remarks. 

Delete entire sentence beginning with "It is a rare. . . 

Delete entire reference to "Barogram remark. 

Delete data enclosed in parentheses. 

Delete sentence beginning with "Follow each. . . .** 

Delete. 

Delete and replace with new paragraph: 

"7-13. If the wind speed is in excess of 25 knots 
since the last record observatipn, you will record a 
peak wind (PK WND) remark in column 13. 
Record PK WND, the direction and specd, and a-, 
slant followed by the time of occurance; e.g., 
PKWND 2743/23. Mak^ this entry in the first 
record observation after its occurance if the peak 
speed' has not. been reported in a previous 
observation.** 

Change "once" to "twice." , T 

Delete and replace with new paragraph: 

"8-2. To faciliatefhelocating of desired remarks 
jn the transmitted message, the following order- 
should be followed as closely as possible: 

^ . . . ^ 

• Runway visual range or runway visibility. 

• Surfaced-based obscuring phenomena. 

• Wind.shifts. 

• RAD^AR reports of ^ases and tops. 

• Remarks elaborating on preceded coded data. 

• Three- and six-hourly additive data. ; 

• Radiosonde data. 

• Runway conditions. 

• Weathfer modification. 

a. Remarks that are considered operationally 
significent to aviation will have the identifier ( ATC) 
immediately preceding these remarks. The identifier 
(MET) will be entered immediately preceding 
remarks that are considered significant to 
meteorologists.** 

Change "299 9915" to "299 991 15." ' 
Delete. 

Change "once" to "twice." 
Delete. 
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P<tge 
51 

51 - 
51 



Paragraph 
9-16 ■ 

9-16 

9-17 



Une(s) 
6,7 ■ 

8,-9 ' 

. 9 thru 14 



Correction 



Change §entence'beginning with **The timp. . . to 
read **The actual time refers to the time that you 
actually pbservcd the last element for record, record 
special, and local observations." 

Delete sentence beginning with **The filing time. . . 
and replace with "Actual time for special 
observations is the time the element requiring the 
special is observed to occur.**^ , 

Delete remainder of paragraph beginning with **If 
the correction. . . /' and replace ^vith the following: 

**If the correction is transmitted, enter (COR), in 
red; in column 13 followed by the GMT time that 
you make the transmission. Whenever you detect an 
error in a reportialready transmitted, disseminate a 
correction as soon as possible using the same 
dissemination given to the erroneous report. 
Suppose, though, you detect the error after later 
reports have superseded the erroneous data. If the 
later reports received the same or greater 
dissemination, no correction need be sent. Include 
in your corrected report all the data originally 
transmitted, though perhaps only one element was 
initially incorrect. To correlate the correction with 
the observation being corrected, refer- to the 
standard time of the record observation if you 
transmitted it longline. Standard time is the hour to 
which a record observation applies such as 0900, 
1600, etc. Use actual time for specials, locaTs, and 
locally disseminated record observations. 
Remember, discovering a mistake and doing 
nothing about it is a greater error than just making a 
mistake." I 



• 53 


10-611 • 




. Change to read; "Radar reports of bases and tops." 


53 • ' 


10-6 


' 16 


Delete. 


'53 


10-8 - 


8 " ■ " 


• lnserf"(MET)" before AC NE. 


53 


10-8 


8' 


Change "FWR 0 71" to "FWR 0 10 71/ 


'53 


10-9 ■ 


11 


Insert "(ATC)" before T.- 


'53 


10-9 > 


12 ' 


Delete "AB56." 


53* 


10-9 

• 


13 


Insert "(MET)" before PK. WND and change 
"22/36 54" to "2236/54." 


54 


10-^5 


4 


Insert "(ATC)" before tB. ^ 


54 


10-15 


5 


Change to read: "W MOVG NE RWU SW*(MET) 
TCU ALQDS." 


54 


10-15 


6 


Change "197/" to "1970." 


54 


10-18 


13 


Change to read: "Remarks, as appropriate." 


, 54, 55 


10-18 


14 thru 21 


Delete. 


55 


. 10-20",fl(5) 




Delete. 


55 


10-21/ ■ 




Delete. ' ^ 
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Pant ' Paragraph " Ur)t(s) Correction 

55 10-22 4, 5 Delete "each nationally published minima 

applicable to the runway in use." and replace with 
"2;400 feet and 6,000- feet." 

55 10-24,a(4> ^ Delete "(other than very light).". 

^5 ^ .10-24,* m^S Change "26 knots" to ^25 knots." 

55 10-24,c ' 2,3 ' Delete. ^ 

56 '''"^^fv , ' of paragraph add subparagraphs e and /• 

Taken for ceiling and visibility values 
established locally because of their significance to 
aircraft operations. 
/ y. Taken by Basic Weather Watch (BWW) 

stations at intervals not be exceed 20 minutes since 
. " the last observation during the following weather 

conditions: 

• Ceilings 1500 feet or less. 
' • Visibility 3 miles or less. 

• Any form of precipitation. 

• Fog. 
N 

Though a local is taken for the above, do not record 
or disseminate unless iht ceiling and/ or visibility 
, ' changes by a reportable -value since the last 
disseminated observations." 

^0"34 . 18,19 Delete remainder of sentence beginning with 

"except visibility. .. . 

^ ^ 10-60 6. 7 Change "are reqtiired;* to "have the option." 

^ 10-60 ir ^^^^ML sentence "AWS Form 30, Pilot To 

)ii^*^*^oreca:^ter Service (PFSV)vXog, is used for 
recording PIREPs if AWS Form 12 is not used.'' 

60 • 10-61 8 ' Change "ALWDS" to "ALQDS." 

61 * 11-2 7 Change "Airgound^ t'o "Airg|pund." 

61. IM Delete entire '^DISSEMINATION 

PROCEDURES" aifd replace with the following: 

^ DISSEMINATION PROCEDURES 



I. Space all entries on the T - A evenly and write large enough to 

make for easy reading (use block letters). 
Z Six mandatory requirements for each transmission, except for 

testing are: " ^ 

' a. Identity of station (RAN). 

b. Identity of transmission by type (R. RS, S, L PI REP. 
etc.). . " 

c. Actual time (GMT)*of the observation. 

d. Message content. Form 10 entries: columns I through 13 
except SLP; omit 3- & 6-hourIy §iddittve data. 

. Time that transmission is completed in minutes past the 
- hour. 

/ Initial; of person making transmission (CB). 

3. UbC the following in*piacing data on the transcriber. 

a. Clear sky—use CLEAR. 

b. Wind.- 

(1) Calm-use CALM. 

(2) Direction, magnetic only to near'est 10 ' 
degrev in 2 cii^ifs. 

(3) Speed, in 2 digits. 
' ' (4) Example.' 0309. 
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Pora^r^ph ^ ' Une(s) ^ Correction 

Altimeter, in 4 digits and flag all altimeter scitings with 
ALSTG-ALSTG 3002. " 

.over the (ranscnbcr. 
4. Example: 

RAN R 1456 
CLEAR 15 92/66 
, 0309 ALSTG 3002 

• 58/ CB 

' ^ '^'^ ^ ^ Change "ABSCURED** to "OBSCURED.^* 

^ ^'^^ , ^ Change ^^AFSR** to **AFCSR.- 

11-15 ' * ' 

Delete and replace with*n.ew paragraph 1 1-15: 
. ' "11-15. The 28 ASR teletypewriter is used to 

ufx^^o " ^P^*^^ category collections on Comet 
HA. Presently the following are the types of traffice 
^ ' ^^^^ have been classified as special category; 

^yP^ - Definition 

. » »* 

AIREP A report from Air Force aircraft in MAC 
al)breviated AIR EP code form or civil aircraft 

. in ICAO form. 

^ ^^'!:^^'^^ Aircraft report m COMBAR code form. 

FOCST A 4-hour terminal recovery forecast. 

METAR Surface weather report in METAR code. - 

PILOT Winds aloft report m PILOT code. 

PIREP * Pilot report in PIREP code„ 

P^A"^^ Pla»n language terminal forecast. 

RAREP Radar report. 

^^^^O ' Weather reconnaissance observation, 

/ ROCOB Rocketsonde observation. 

lorri^ ^"PP'^*"^"*^^ r«P0"5 of significant weather. 

<vv/^D ' ^^^^^^ weather reports in METAR code. 

P Synoptic weather reports. 

TFMP Terminal forecast in T/ff code. 

TEMP Upper level pressure, temperature, humidity. 

' wind reports.** 

1M6 ^5,6 



11-17 



Delete remainder of sentence beginning with "local 
American telephone, etc." Insert "communications 
worjcload section or follow local procedures." 

^^^^^P*^ replace with new paragraph 

"IM7. TYPNO/TYPOK requests (circuit 
outage) within t^e Automatic Response to Query 
^ (ARQ) program will automatically retransmit for 

the mclusive outage time all precedertce one and two 
messages, and NOTAMS, where required. When an 
extensive outage occurs, NOTAMS will be only 
rerun back to and including the last NOTAM . 
summary issued. If following an outage, you do not 
require the aforementioned data, you will prepare a 
TYPNO/TYPOK report and transmit this 
information." 

' ?^lJl^ "weather warning (WO) message" and insert 
"SVR message." 

Delete and replace with new paragraphs: 

"12-15. CItssificttion of Radtr Echoes; Weather 
echoes as seen on a radarscope are reported by 
describing the type and intensity of associated ' 



12-6 7. 8 



Pate 



Paragraph 



Unf(s) 



Correction 



precipitation the intensity trend, and the horizontal 
and verti^l size of echoes. Because radar reports 
are prepared, encoded, decoded, and plotted 
manually, and because they require considerable 
teletype transmission time arid are perishable, they 
must be as concise as possible while still accurately 
describing the radar echoes. Echoes that arc related 
geographically and by precipitation type and 
physical cause are grouped together for reporting* 
with the emphasis placed on grouping similar types 
of echoes rather than simply grouping together all 
echoes associated geographically. Elements of the 
radar report are indicated on the radar re<?ording 
form. This form.Jists the elements in the order 
(sequence) that you encodejhem in RAREP code; 
therefore, the discussion of the elements also reveals 
the code form. The first element of a radar report, 
echo characler^ describes the general shape or form 
of the echo(es). 

"12-16. Echo character. As we mentioned in 
Section 8 of Volume 1, echoes are primarily 
described as cells, lines, or areas. Table 17 lists the 
descriptive ^erms that may be reported. Weather 
echoes associated geographically, by physical 
causes, and by precipitation type will be grouped 
together for reporting purposes according to the^ 
definitions in table 17." 
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12-17 


6 


Change ".20" to "30," 


67 


12-21 


10 


Change "0238" to "0815" and change "0337" to 
"0837." 


68 


Table 17 




Replace with new table 17 (attached). 


70 


Table 19 




Replace with new table 19 (attached). 


70 . 


12-27 


. 13 


Add "NC" as contraction for "No change." 


73 


•'12-45 • 


7 


Change "100" to "125." . - 


73 


12-46 


11 ' 


Change "MAX TOP" to "MT." ^ 


75 . 


12-58 




Delete and replace^with new paragraph: 



N2-58. The 0637 observation on foldoul 5 is 
used to illustrate the spacing and separation of the 
elements^a RAREP format: 



75 



12-60 



PDQ AREA 7RW. +42.47 153/65 242; 187 
320 154 2715 MT 240 AT 170 25 CELLS AVG D6 ' 
LNIORW -^315, 123 243, 155 I2W 2820 MT 350 \1 
275 H-2 LN 

NWRN END MOVMT 2718 SWRN END 
MOVMT 2823 

You can see in this coded radar observation that 
spaces are used between elements that might b^pi^ 
confused with other data." 

Delete and replace with new paragraph: 

"12-60. Unlike scheduled hourly observations, 
special observation^ will be encoded to include.only 
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Pq^ Paragraph Line(s) Correction 

the echoes of special interest. The selected echoes 

should be reported in complete detail including 
* "^TttftJiScl. Special observations will be encoded and 
transmitted in intermediate cpUcctivcs. Identify 
special observations and regular observations 

meeting the criteria for special observations by 

writing the contraction "SPL'* in the left margin of 
the radar recording form, and transmitting this 
^ contraction after the time group.'' 

'75 ' 12-62 14, 16, 18 Change "0338Z," "1623Zr and "1403Z'' to '^0338^ 



M623r and**1403.", 



\ 



UST OF CHANGES 



COURSE 
NO. . 

2525 1 



EFFECTIVE DATE 
OF SHIPPING UST. 

4 -AUg 75 



CAREER FIB.DS, POLICIES, PROCEtX/RES Af>ID EQUIPMENT CHANGE. J^tr^^OR^ 
OCCASIONALLY GET INTO PRINT. IHE R}LLO\/iNG ITEMS UPDATE AND CORRfCT 
YOUR COURSE MATSIIALS. PLEASE MAKE THE INDICATED CHANGES. 



1-. CHANGES FOR THE TEXT: VOLUME 2 

a/ - Page 44, para 7-11, line 16: 
"following" to "b^fbrev" 



Change "attach" to "Prefix" and'chan^^e 



Page 44, para 7-13:. Delete and replace with the following: 



7-i3f, I£ the wind speed exceeds 30 knots since the last record observa- 
tion and this speed was not included in the body of a special observation trans- 
mitted on longline teletype^ you v/ill record a. peak wind (PK WID) remark in 
column 13. Record PK WND, the direction and highest speed, a "/" and the time 
of first occurrence in the next record observation following its occurrence; e, g 
PK WND 2731/23. Omit the remark if the s|>eed is included in the body" of this 
record observation. * 



c. Foldout 4, Re 1256, col 13; 
2236/54," 



Change "PK WND" from "PK WND 22/36 54" to 
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CHAPTER 1 



Surfoce Weather Observations 




TTOUR WEATHER observation is the heart of 
^ 1 the worldwide mission of the Air Weather 
Service. The duty forecaster depends ofi it. 
Weather detachments depend on it. Other wdather 
agencies depend on it. Last, but most important, the 
pilot depends dn it! Your potential ability to pro- 
vide these .people with representative and timely 
weather obfervations ' is one of the reasons you 
were selected for entry ^into* the weather career 
field. Your aptitude scores, which must be among 
the highest in the Air Force, indicate that you 
have the ability <o perform the complex duties of 
an observer. You must be able to think effectively 
and quickly to interpret weather instruments ac- 
curately and evaluate sky conditions and visibility. 
In many cases, your interpretations and evalua- 
tions determine whether an aircraft can land or 
whether the pilot must seek an alternate airfield. 
Staying abreast pf the latest weather cdnditions is 
the parf of your job that is difficult to measure by 
aptitude tests. It involves personal traits such as 
desire- and esprit de corps. Thtst traits arc as es- 
sential to your work as the" reference manuals and 
measuring instruments ki your station. Eventually, 
your -weather observaVon will combine the facts 
provided By your instruments with personal judg- 
ment. The judgment and desire you put into- your 
work ultimately makes you different from all other 
observers. They become part of your personal 
standards. . • 

2. In addition to knowing how to take an ob- 
servation, you must know the operating proce- 
dures that are used for the various types of meteo- 
rological instruments and equipment. This involves 
knowing how to interpret the readings and scope 

'presentations. Your reasoning ability is often 
tested when the weather conditions vary. Which 
item of equipment is more reliable? What happens 
when instrument readings differ from your own 
evaluations of the sky? These and many other 
problems are discussed throughout this v^ume. 

3. This chapter provides* the guidance necessary 
for you to take a complete observation. This dis- 
cussion contains the presently accepted procedures 
for making entries on AWS Form 10. Chapter 1 



also includes definitions of meteorological ele- 
ments, criteria for making entries, coding instruc- 
tions, order of entry, and general rules. The first 
discussion, state-of-the-sky evaluations, establishes 
a foundation for many AWS Form 10 entries. 

1. ifotm of the Sky 

1-1. Have you ever looked at the clouds above 
and remarked, "It looks like rain?" Clouds have 
been called the signposts of weather. Their size, 
shape, and height give clues to the type of weather 
you can expect. Few people would mistake the 
weather signs of the dark, ominous "thunderhead" 
cloud from those of the white "cotton-puff cloud 
floating innocently across a summer sky. However, 
except to the trained eye, the story told by clouds 
often goes unnoticed. 

1-2. Clouds occumng m sequence describe a 
weather event much as chapters of a book unfold a 
story. For instance, the changes from cirrus to cir- 
rostratus to altosU-atus clouds warn of . an ap- 
proaching warm front. Those small, puffy clouds 
that appeared harmless in the morning hours, but 
now have grown vertically into towering masses, 
speak silently of airmass insfability — perhaps a 
thunderstom during the night ^ 

1-3. These cloud messages are not -hard to un- 
derstand, but they are not obvious. Clues to the 
approaching weather provided by the clouds are 
wasted if you cannot read them. To become a 
good cloud reader takes study and experience. To 
understand clouds we should consider their forma- 
tion and classification. 

1-4. Experienced meteorologists categorize all 
clouds into 10 basic forms. These basic forms are: 

• Cumulus * 

• Cumulonimbus 

• Stratocumulus 
* ' • Stratus 

• Altostratus 

• Nimbostratus- 

• Altocumulus 

• Cirrus' , 

• Cirrostratus 

• Cirrocumulus 
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Figure 1. Cumulus. 

Each basic form may be further classed into sub- 
types; 

1-5. The subtypes are recognized internation- 
ally as 27 states of the sky— arranged as low, mid- 
dle, and high clouds. Each state of sky posscs§es a 
distinguishing feature to separate it from the oth- 
ers. This feature^may be the appearance, extent, 
size, or method of formation. The*'distinguishing 
features provide the clues that preview approach- 
ing weather. The first basic cloud form discussed, 
cumulus, is^asily identified. 

1-6. Cumulus. In the year 1803, an English 
pharmacist, Luke Howard, divided all clouds into 
three basic groups— cumulus, stratus, and cirrus. 
Cumulus, translated irom Latin, means "heap." 
Heap aptly describes this cloud^ in most of its 
stages. In- the earliest stage of development, cumu- 
4tis usually forms in, and indicates, good weather. 
Figure 1,A, illustrates that it has^clearly defined 
outlines during the building stage and appears 
^ very white in color. The base of the cumulus, fig- 
ure 1,B, becomes darker as the cloud builds in 
size; biit generally remains horizontal. After the 
building stage has gone on for awhile or ended, the 
edges of cumulus become ragged, being frag- 
mented by the wind as shown in figure 1,C. 

1-7. Notice the bulging appearance at A in fig- 
ure 1. This is characteristic of building cumulus. 
Whatever its stage of development. Cumulus al- 
ways has the "cottony" appearance. Since these 
clouds form by convective action, the height of 
their base above the earth's surface is related di- 
rectly to the amount of moisture at the surface. 
The higher the moisture, the lower in height above 
the surface are the bases. Although the water drop- 
lets in cumulus are very numerous, they are also 
very small in the cloud's early stages. As the cloud 
grows in size, large drops within the cloud increase 
in number The large drops may be precipitated 
from (he cloud or may continue to be carried 
within the cloud by vertical air motions. 

1-8. Precipitation in the form of showers occurs 
with cumulus clouds of moderate development. 



Though this precipitation may be of moderate in- 
tensity, its duration is usually short-Iive^I. These 
clouds do not produce the heavy rain and high 
winds that are associated with their bigger broth- 
ers, the cumulonimbus. Occasionally, the precipi- 
tation (showers) from cumulus clouds evaporates 
before it reaches the ground. This situation is re- 
ferred to as virga and is characterized by a dark 
area immediately below the nearly uniform jjase of 
the cumulus cloud. This darkness, caused by pre- 
cipitation, decreases in intensity as it descends be- 
neath the cloud until it disappears (complete evap^ 
orationjp. When virga consisting of snow or ice 
crystols occurs, the virga portion is not as dark, 
and it appears more wispy. This is caused by the 
greater jnfluence that wind has on falling snow and 
appears as a greater^bending of the precipitation 
trails (virga). In any case, the precipitation does 
not reach the surfape! AWS -lasses -two subtypes 
of cumulus for coding. 

1-9. Cl-I (cumulus). Cumulus clouds encoded 
as low cloud "1" have little vertical extent and 
may appear flattened. Associated with good 
weather conditions (no precipitation), it is en- 
coded as low cloud "1." This cloud is shown in 
foldout I as LI, cumulus humilis.'When this cloud 
occurs below cumulonimbus or nimbostratus dur- 
ing precipitation, it is coded as L7. Under these con- 
ditions it usually appears ragged, changes shape 
rapidly, and is called cumulus fractus. Thus, the dif- 
ference in classification of LI and L7 is precipita- 
tion. When the convective forces that form cumu- 
lus continue their action, LI icumulus ^rows into 
L2 cumulus. 

1-10. Cl-2 (cumulus), Lo^^ cloud "2" is a cu- 
mulus cloud of moderate or strong (towering) ver- 
tical development. Generally, Cl-2 is accompa- 
nied by other cumulus or stratocumulus clouds 
that have their bases at the same level. When this ' 
cloud type develops a tower appearance/ illus- 
trated in the first L2 picture of foldout 1, yoq 
should remark this in your observation as TCU W. 
Towering cumulus may be distinguished from cu- 
mulonimbus by a lack of massiveness— i.e., its 
strong vertical growth is not matched by a hori- 
zontal spreading or bulging. Other important 
things to remember about this type are that it does 
not have a cirriform td'p, ar^d it is rarely capable of 
producing thynder. Cumulus clouds of moderate 
or great verticM extent ma;^, however, produce 
precipitation in the form of showers. When a cu- 
mulus develops both height and massiveness, it en- 
ters the next basic cloud category, cumulonimbus. 

1-1 1. Cumulonimbus. Energy forces within a 
cumulonimbus, or CB, are capable of producing 
the most intense storm known in weather — the tor- 
nado. However, when cumulonimbus clouds are 
observed on the horizon they appear strikingly 
beautiful. Their tall, rounded masses reach grace- 



fully skyward, often penetrating above cirrus cloud 
formations. Overhead, they present a more menac- 
ing picture. It is not uncommon for these clouds to 
produce heavy rain; lightning; strong, gusty sur- 
face vSnds; hail; and occasionally tornadoes. 

1-12. To classify cuinulonimbus clouds intd the 
basic cloud fonns, you should know that CB 
clouds are Sistinguished from cumulus clouds by 
the foUowng characteristics: 

• Massive appearance. * ' \ 

• Extensive vertical development. 

• Fibrous or anvil top. 

• Thunder and lightning. 

1-13. Though the anvil feature of cumulonim- 
bus is an identifying feature, sometimes only a fi- 
brous appearance or a lack of sharp top outline is 
observed. When the cloud enters the dissipation 
stage, this upper section invariably assumes the 
classic anvil forination. Hgure 2 shows several in- • 
teresting features. At A, figure 2, the anvil top is 
visible. Points B and C show the fibrous appear- 
ance of a CB top. At B, the cloud is just beginning 
to lose its sharp outline. At C, the fibrous appear- 
ance is evident. Callout D points to a cell of 
conyective activity that shows the typical sharp ^ 
outlines of a building cumulus. Often you will en- ' 
counter a dissipating cell next to a bpilding one. 
The cloud shown with the anyil top, figure 2,A, is 



in the dissipating stage, as evidenced by the an\dl. 
During dissipation, much of the cell's energy is di- 
rected downward. Consequently, surface weather 
may be even more severe during this stage. 

1-14. The question often discussed among 6b- 
servers is when does the cumulus (moderate devel- 
opment) become cumulonimbus. There are several 
points of identification. When viewed from a dis- 
tance, the massivencss and the appearance of the 
.cloud top, already mentioned, offer positive means 
of CB identification. Overhead, other identifying 
guides are needed. 

1-15.' Thunder, lightning, or hail may be the 
' sole indication of their presence. Vivien you can't 
hear thunder overfiead and are having trouble in 
decidiiig between nimbostratus or cumulonimbus, 
use the character (showery versus continuous) of 
the rain as a guide. .A cumulonimbus cloud with 
extensive vertical development which has begun 
dissipating is generally preceded by an onrush of 
cool air a few minutes before the storm cell 
reaches overhead. The dark lower portion of a CB 
is usually accompanied by rapid-moving stratus 
fractus and cumulus fractus. Usually one of these 
signs can identify a CB from a cumulus. 

1-16. A corfimon occurrence with cumulonim- 
bus cloud varieties is mamraatus development. 
This feature may occur at the basfe otthe cloud in 
the form of clearly defined bulges (pouches, fig. 
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Figure 2. Cumulonimbus. 



Figure 3. Mammatus. 



3) or may appear at some level above the cloud 
base. In either case, these mammatus formations 
provide the forecaster with a good indication of 
the degree of instability present in the area, 
Though these cloud types may not have the devel- 
* opment to produce tomadic activity, they can be 
used by the forecaster as indicators of potentially 
■severe weather. 

1-17. Studies of tornado development reveal 
that the base of the cumulonimbus clou'd usually 
appears to be very dark and ragged before tornado 
activity occurs. The first sign of a funnel cloud 
often appears in the form of 2i tuba (a small ap- 
pendage, often cone-shaped) beneath the cloud. 
When tubas arc sighted with a CB, they frequently 
appear and withdraw from several portions of the 
cloud. A tuba that continues to develop toward the 
ground is referred to as a jumel cloud mtil it 
reaches the ground — then .it becomes a tornado. 
The passage of a CB can cause a variety of 
changes in weather. Observing and disseminating 
these conditions present a challenge. For coding 
purposes, two subtypes of CB exist. 

1-18.-C/.-3 (cumulonimbus). Low cloud type 
*'3*' is cumulonimbus in its earliest stage of devel- 
opment. A low "3" cloud differs from other CB 
clouds because the summit lacks cirriform devel- 
opment (no 2iavil). Cumulonimbus clouds classi- 
fied as L3 have summits which lack clear outlines 



but are neither clearly fibrous (cirriform) nor in 
the form of an anvil. Foldout 1, L3, shows an ex- 
ample of a cumulonimbus cloud without apprecia- 
ble cirriform development. When you observe ihis^ 
type of cloud, add a remark to your observation to 
indicate the location (direction) of the cumulo- 
nimbus cloud from the station and the direction to- 
^Vard which it is moving. 

1-19. The following are examples of cumulo- 
nimbus (CB) remarks entered in column 13 of 
AWSFormlO: 

a. CBWMOVGE. 

6. CBN--E MOVG SE. 

c. CB NW, (this indicates that the direction of ' 

movement is unknown.) 
drCB 5NE MOVG E. (Enter distance (5) 

from station if it is known.) 

These typical remarks for CB clouds are entered ' 
when no* thunderstorm is being reported. 

1-20. Cl-9 (cumulonimbus). Low cloud type 
"9" is distinguished from L3 by tfie presence of 
the cirriform anvil. If you find it difficult to deter- 
mine whether the type is L3 or L9, the occurrence 
of lightning, thunder, or hail customarily belongs 
to the L9 CB. An L9 cloud requires a remark in 
column 13 of Form 10 that is similar to that for 
L3 clouds. _Whcn mammatus development is pres- 
ent, use thc'same remark format in column 13, 



except that the abbreviation "CBMANT* is used 
instead of **CB"; for example, CBMAM 'W 
MOVGE. ' 

1-21. StratoctunjDlos* Stratocumulus ("strato- 
CU") clouds fonn in several ways. TTiey are 
formed when stratus clouds near the earth's sur- 
face lift, cumulus clouds dissipate, or middle cloud 
layers lower. Stratocumulus are distinguished from 
cumulus clouds by their flatter appearance. As 
stratocumulus clouds merge into one layer, they 
appear grey with dark areas. These dark areas are 
the thicker portions of the strato-CU clouds. Strato- 
cumulus is sometimes mistzGcen for altocumulus. 

1-22. The best way to Judge whether a cloud is- 
stratoomiulus or altoc.umuR^ is by the size of the 
individual elements. The International Cloud Atlits 
states that when the regularly arranged small ele- 
ments of thp cloud layer have an apparent width of 
more than 5*^, the 'cloud is identified as stratocu- * 
mulus. An easy method of determining* this ividth 
'is to hold three fingers at ^rm's length and see if 
thexloud element is larger than the three extended 
fingers; If it is not, then perhaps the cloud is alto- 
cumulus. 

1-23. Foldout 1, L4 and L5, shows two exam- 
ples of typical strato-CU clouds. The rounded 
masses and rolls of L5 are a unique feature of 
strato-CU. The variety of strato-CU shown at L4 
is frequently formed by the spreadmg out of cumu- 
lus in the late afternoon when the surface heating 
is greatly dimmished. 

1-24. Precipitation rarely occurs in association 
with strato-CU clouds. When it does occur, it is 
usually weak and tends to be showery in character. 
Light snow showers are probably one of the most 
common forms of precipitation from strato-CU. 
Durmg cold weather, strato-CU clouds frequently 
produce ice crystal virgaf 

1-25. C[r4 (stratocumulus). Low cloud type 
"4" is encoded only when stratocumulus clouds ^ 
are formed from the spreading out of cumulus or 
cumulonimbus clouds. Durmg this spreading proc- 
ess, cumulus clouds may still be present. Foldout 
1, L4, shows an example of stratocumulus clouds 
formed from the spreadmg out of cumulusSclouds. 
When stratocumulus clouds form by other nieans, 
they are classified as low cloud "5." Cl-5 e$pen- 
tially includes all stratocumulus clouds not formed 
from the spreadmg out of cumulus clouds. If you 
can not d etermine that stratocumulus formed from 
cumulus, code the cloud as L5. 

1-26. CjirS (cumulus and Stratocffnulus), This 
state of sky is actually a combmation of two other 
low cloud types — cumulus and stratocumulus. 
When cumulus and strato-CU clouds have bases at 
different levels and the strato-CU is formed by 
means othir thanz the spreading out of cumulus, ' 
you classify the cloud type as L8. Often, a layer of 
stratocumulus is mistaken for stratus. Avoid that 
mistake with the following guideline. 



1-27. Stratus* You can discriminate between 
stratus and a layer of stratocumulus by the uni- 
form appearance of the sLfratus cloud base. Strato- 
CU always has an unequal distribution of dark- 
ness.* When dissipating, sjtratus cloudy may appear 
as large, irregular, dark patches between lighter 
colored portions already thinning. The entire doud 
takes on a mottled or blotched appearance* 

1-28. A stratus cloud usually forms very close 
to the earth's surface and is called fog when it is in 
contact with the earth (50 feet or less). It nlay 
also form under other cloud layers such as alto- 
stratus and nimbostratus. Stratus is capable of pro- 
ducing only light continuous precipitation, such as 
drizzle, ice prisms, or snow grains. 

1-29. Stratus clouds are frequently confused 
with nimbostratus and altostratus. To help clarify 
identification, study this comparison: 
, Stratus: 

• Produces only light precipitation, if any. • 
^ May reveal the sun through its thinnest 

parts. ) 

• Has a more uniform base than nimbostratus. 

• Is generally grey. 

Nimbostratus: 

• Always produces heavier precipitadon. 

• Never reveals the sun. 

• Has an uneven base* 

• Is usually darker in appearance than stratus. 

1-30. When the outline of the sun is distin- 
guishable through stratus clouds, it can be used to 
distinguish between stratus and altostratus. The 
sun seen through stratus has a sharp, well-defined 
outline.^ Altostratus blurs the outline of the sun as 
if viewed through ground glass. When you are 
evaluating stratus cloud types, you must consider 
your past observadons of the clouds as a basis for 
^proper cloud identificadon. Stratiform clouds do 
not just suddenly develop. They usually are asso- 
ciated with a stable condition in the atmosphere 
and, therefore, evolve slowly. 

1-31. C/.H5 (stratus). Low doud "6" is a stratus 
cloud in ^ more or less continuous sheet or layer, 
or in ragged shreds, or a combination of both, but' 
it has no stratus fractus of bad weather. The pri- 
mary difference between L6 and L7 is the pres- 
ence of bad weather. This' term refers to the condi- 
dons that exist a short time before, during, and 
after precipitation. Smce all stratiform clouds ap- 
pear greyish and continuous in form, you must be 
aware of the identifymg features of each stratiform 

type. 

1-32. Cir-7 (stratus fractus or cumulus fractus). 
Low cloud type "7** often occurs below layers of 
altostratus and nimbostratus^ arid it is classified as 
L7 whenever stratus fractus or cumulus fractus of 
bad weather are preseqt. When these cloud types 



are present but bad weather conditions do jtot 
exist, stratus jractus clouds are classified as L6 
(stratus) and cumulus f rectus clouds as LI (cu- 
mulus). Foldout 1, L7, shows an example of how 
the sky appears with these clojud types. 

1-33; Ragged stratus fractus clouSs'never.occur 
alone. They are always associated with clouds of 
low and/or middle types. When they are observed 
below nimbostratus and similar precipitating 
clouds, they change shape^apidly and move fast. 
Stratus fractus and cumulus fractus are usually 
found beneath the base of cumulonimbus clouds 
that afe precipitating. However, when this situa- 
tion occurs, only the cumulonimbus cloud type is 
encoded. 

1-34. Altostratus. This middle height range 
cloud has features similar to the lower stratus. The 
primarj difference between altostratus and stratus 
is the composition of the cloud. An altostratus 
cloud consists primarily of ice crystals, snowcrystals 
or flakes, and supercooled water droplets. The 
lower portion of low altostratus clouds may con- 
^is;t of ordinary water droplets and the upper por- 
tion a combination of ice crystals and supercooled 
water droplets.^ The composition explains the dif- 
ferent f^Sijiui'es of each cloud. 

l-35./ATtbstratus clouds are generally uniform 
in appearance. The^^pre gre>ish or bluish in color 
and appear fibrou|f,^ Other basic characteristics 
are: ^v.\ 



, • Altostratus. clouds are dense enough, to pre- 
vent objects on the ground from casting 
shadows. . 

• The sun appears as though seen through 
(ground glass when ati altostratus cloud is 
present (foldout 2, Ml). 

• Halo phenomena never occur with altostra- 
tus clouds. 

• Precipitation is continuous. 

1-36. Precipitation falling from an altostratus 
cloud frequently obscures the cloud base. When this 
occurs, accessory clouds such as cumulus fractus 
and stratus fractus may form below the altostratus. 
Figure 4 illustrates this condition. During the hours 
of darkness, altostratus clouds are even more diffi- 
cult to identify. At this time, you must watch for 
such things as a lowering of the ceiling and an in- 
crease in the intensity of precipitation. If this hap- 
pens, you may have nimbostratus. F^pldout 2 shows 
altostratus clouds in the' semitransparent state 
(MI ) and in the opaque state (M2), 

I -37. Altostratus clouds, as other middle clouds, 
are found at a height range from 6,500 to 23,000 
feet in the temperate region. When they are at the 
higher levels of this middle cloud range, they are 
often erroneously identified as cinostratus because 
of their lighter appearance. However, if there are 
no shadows cast on the ground, they are altostratus. 
Cirrostratus is never dense enough to prevent the 




Figure 4. Fractus cloucjs. 
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sun from casting shadows. When the altostratus 
lowers, as during the approach of a warm front, 
• it usually becomes thick'er.and completely obscures 
the sun. 

, 1-38. Cu-/ /"atojrmto). Middle cloud type 
is an altostratus cloud, the greater part of which is 
semitransparent. Usually, the sun qr^moon is dimly 
yvisible as though seen through ground glass. This 
cloud type is usually found within the higher portion 
of the middle cloud range. This type of altostratus 
cloud usually forms from the~gfadual thickening 
and lowering of a cirrostratus layer. In a latef dis- 
cussion of the basiq cloud form cjrrostratys. you 
will discover they are never thick enou^ to prevent 
objects from casting shadows because Qf the sun. 
Therefore; you can use this rule as a guide in de- 
termining whether or not you have altostratus 
clouds. Foldout 2, Ml. shows an example of this 
cloud type. More rarely, this type of altostratus 
cloud forms from the extensive spreading out of the 
middle or upper part of a CB cloud. When alto- 
_ stratus clouds continue to thicken, they are classi- 
fied as M2 clouds. 

J-39. C.ir-2 (altostratus or nimbostratus). An 
altostratus cloud classified as M2 is a darker ^rey 
or a darker, bluish grey than altostratus clouds en- 
coded as MI. The greater part of this altostratus 
cJoud (M2) is sufficiently dense to hide the sun or 
moon. A nimbostratus cloud, which is also en- 
coded as M2, is often caused by a further thicken- 
ing of dense^ltostratus. 

1-40. Nimbostrahis, The word "nimbus" is a 
Latin word that means violent rain or block rain, 
cloud. Nimbostratus clouds live up to this defini- 
tion. A nimbostratus cloud produces continuous 
precipitation in the form of rain, snow, or ice pel- 
lets. Usually, this cloud evolves from the lowering 
of altostratus clouds but may form from other 
cloud types. 

Ml. Nimbostratus is a grey, often dark, cloud 
that appears diffuse as observed from the ground. 
This is caused by the continuous precipitatfon that 
falls from^this cloud, It is always thick enoush to 
completely obscure the sun* and is almost exclu- * 
sively found near frontal zones. It is common to 
find stratus fractus clouds belt)w nimbostratus. 
These clouds are caused by the fallinc precipita- 
tion from the nimb<§^tratus cloud and tend to com- 
pletely dissipate when the precipitation become^: 
heavier. 

1-42. Even though nimbostratus is clas.sified as 
a middle cloud, its base is most often found in the 
low cloud range. Examples of this are evident as 
warm fronts approach the station. The altostratus 
IS soon crassified as- nimbostratus when the cloud 
increases in density and heavier precipitation oc- 
'curs. This cloud may continue to lower to within 
several hundred feet of the surface as the front ap- 



proaches. Correctly identifying this cloud can alert 
you to the pattern of-weather you can expect at the 
observation site. 

1-43. Nimbostratus clouds are distinguished 
from opaque altostratus clouds by their denser and 
darker appearance. The base of a nimbostratus 
cloud has a more diffuse and wet appearance than 
an altostratus clpud. However^ both of these cloud 
forms are classified as M2. Nimbostratus clouds 
usually evolve from the thickening of altostratus 
clouds but may also evolve"lrom cumulonnnbus" 
clouds. 

1-^44. Altocumulus, An altocumulus cloud is 
composed largely of water droplets, but at very 
low temperatures it may have some ice crystal de- 
velopment. Altocumulus clouds often look very 
much like stratocumulus clouds. The primary dif- 
ferences between these two cloud types are the size 
of the elements and their height. One way to dis- 
tinguish between altocumulus clouds and other 
cloud forms is -to determine the size of the cloud 
elements. Extending three fingers at arm's length, 
the size of the elements should fall within the area 
covered hy your fingers. If they are larger, the 
cloud is probably stratocumulus. If they do not 
cover at least one finger, they are probably cirro- 
cumulus. This guide is useful only when the cloud 
elements in question are more than 30° above the 
horizon. 

1-45. When an altocumulus cloud does not 
have uniformly arranged elements, yqu must con- 
sider other identifying features of the clouds. Alto- 
cumulus clouds appear white, grey, or a combina- 
tion of white and grey. They are in any of the 
following forms: 

• Rounded masses and rolls (such as stratocu- 
mulus). 

• Banded. 

• Semitransparent. 

• Lenticular (unusual shaping by the wind). 
^ ' • Castellated (tufts, turrets, etc.). 

• Double layered. 
^ • Dark and thick. 

1-46. Of all the basic cloud forms, altocumulus 
has more varieties. Altocumulus clouds evolve 
from the lifting of lower clouds or, more rarely, 
from the thickening and lowering of cirrocumulus! 
As large cumulus clouds (towering cumulus or cu- 
mulonimbus) dissipate, the middle portion of the 
cloud frequently becomes alocumulus. In this 
case, ypur selection of the correct type of cloud 
has a definite meteorological significance to the 
forecaster. Foldouf 2, M3 through M9, illustrates 
some typical forms of altocumulus clouds. 

1-47. The virga phenomenon is common with 
altocumulus. .When it occurs, the precipitation 
trails appear smaller than those associated with 
low clouds. 
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1-48. A corona is often present with altocumu- 
lus clouds when they are semitransparent. This 
phenomenon is especially useful to you in deter- 
mining the type of cloud during hours of darkness. 
A corona appears as a small ring of light around 
the moon and appears to blend with a moon*s 
lightrwhereas-a-Aato-presents-a~largc-distifict-circlc- 
of light around the moon. Sometimes, a corona 
displays the rainbow colors faintly. The corona is 
caused by the diffraction of Jight through water 
particles. The diameter of the corona depends on 
the size of the water droplets in the cloud. Large 
water droplets produce a smaller corona and small 
droplets produce a larger corona. 

1-49. Cjr-3 (altocumulus). Middle cloud type 
"3'' is an altocumulus cloud, the greater part of 
which is semitransparent. The various elements of 
the cloud change slowly and are at the same level. 
This description ot M3>clouds does not imply that 
some of the elements cannot be opaque. Generally 
this cloud type has some degree of opaqueness, but 
it is predominantly semitransparent. The elements 
are relatively small and undergo changes very 
slowly. This cloud type does not progressively in- 
vade the sky. Foldout 2 shows an example of M3 
from the horizon to overhead. 

1-50. Cjr^ (altocumutus). Middle cloud type 
"4" is an altocumulus cloud in patches, and the 
greater part of it is semitransparent. The cloud ele- 
ments occur at One or more' levels, and the ele- 
ments continually change in appearance. Often 




this cloud type (M4) appears shaped as an al- 
mond or a fish. These unusual lenticular-shaped 
cloud forms are mostly found near the mountain- 
ous regions but may occur at any location. An ad- 
ditional discussion of this lenticular cloud is pre- 
sented in the section on orographically related 

-doudsr— ■ ■ — _ 

1-51. Cj/-J (altocumulus). Middle cloud type 
"5," altocumulus, is arranged in semitransparent 
bands or in ohe or more fairly continuous layers 
that progressively invade the sky, as shown in fold- 
out 2, M5. In either case, the main characteristic 
of M5 clouds is that they generally thicken as a 
whofe. Once the forward edge of the cloud has 
reached the part of the horizon opposite to that 
part where the clouds first appeared, the cloud is 
no longer classified as M5. This is also the case 
when the forward edge has ceased advancing. 

1-52. CjH5 (altocumulus). Altocumulus clouds 
classified as M6 must have formed from the 
spreading out of cumulus or cuj^milonimbus clouds^ 
As large cumulus clouds or cumulonimbus clouds 

• dissipate, their remains often consist of large, dark 
elements. They usually continue to dissipate and 
thin out to form into separate elements. The best 
guide to determine the presence of M6 is to view 
the actual transformation of cumulus to altocumu- 
lus. Foldout 2 shows two examples of altocumulus^ 
clouds formed by the spreading out of , cumulus 
clouds. 
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1-53. Gr-7 (altocumulus or altocumulus with 
altostratus). Middle cloud type "7" consists of al- 
tocumulus clouds in two or more layers. Thev are 
usually opaque in places and do not progressively. . 
invade the sky. Middle cloud type "7'' also con- 
sists of altocumulus clouds together witb altostra-^ 
tus or nimbostratus clouds. This cloud type- is ac-' 
tually a combination of other middle clbud'^e^. 
For example, if altostratus (M2) and altocumulus 
(M3) are present and together, encode the cloud 
type as "7." Generally the altocumulus elements of 
tBTS^cloud type are not changing continually. Fold- 
out 2 shows two examples of altocumulus clouds 
classified as M7. 

1-54. CjT-iS (altocumulus). Middle cloud type 
"8" is an altocumulus cloud with sproutings in the 
form of shmll towers or battlements. Egure 5 and 
foldout 2, M8 castcllanus, illustrate the sproutings. 
Another form of middle cloud 8 is similar to very 
small cumulus clouds or tufts in the middle cloud 
range, and it often appears ragged. Foldout 2, M8 
flocCus, shows this situation. When this cloud has 
the sproutings in the form of turrets, the cloud is 
called altocumulus castellanus. A ifemark such as 
"ACCAS N-NE" with your observation empha- 
sizes this Significant cloud. 

1-55. {altocumulus). Middle cloud type 

**9" is an altocumulus cloud form of a Chaotic sky 
and occurs at several levels. As seen from the 
ground, this cloud type appears heavy and stag- 



nant. Mete^ologically speaking, altocumulus 
clouds of a chaotic sky are found near low-pres- 
sure areas that contain some storm activity. Fold- 
out 2 shows an example of a chaotic sky. Altocu- 
niulus clouds are frequently forced to higher levels 
in the atmosphere. When this occurs they are 
called cirriform clouds. 

1-56. Cirrus, Cirrus clouds generally form be- 
tween 16,500 and 45,000 feet in the temperature 
zone. They appear as very white clouds, usually in 
patches or filaments. The forms of cirrus cloud 
that is most readily identified is the hook-shaped 
.cirrus. This type of cirrus, figure 6, is in very fine 
strands which are shaped into theyform. of a hook 
by the wind. Foldout 3, HI. through H6, shows 
eight different types of cirrus cloud formations. 

1-57. Cirrus clouds of a denser varieto^, as 
shown on foldout 3, H3. frequently evolve from 
the dissipation of other basic cloud forms such as 
cumulonimbus. The cirriform remains of a cumu- 
lonimbus cloud may spread out to a great exteji 
and completely lose its former identity fanvil 
shape). Cirrus clouds also form from middle cloud 
layers that are forced aloft. Cirrus and cirrostratus 
clouds are often combined in one layer as shown 
on foldout 3, H5 and H6. When an extensive cir- 
rostratus layer approaches the station from the dis- 
tant^ horizon, the leading edge is usually cirrus 
clouds. As the layer continues to approach, ,the 
cloud layer becomes more uniform and usually 



thickens, ^is situa}ion is :»quite common in ad- 
vance of a vwarm front. 

1-58. Hafa phenomena, figure 7, can occur 
with cirrus clouds, but this is relatively rare. When 
a halo is present with cirrus, it is usually only a ■ 
partial halo because of the characteristics of cirrus , 
(strands, filaments, etc.). When the halo is a com- 
'plete circle, you should suspect the presence of cir-' 
rostratus. 

1-59. Cfr-I (cirrus). High cloud "T' is' a cirrus 
cloud in the form of filaments, strands, or 1woks 
that do not progressively invade the sky. This 
cloud type is often present with •other cirrus 
clouds. In this case, you classify the cloud type as 
HI only when the total amount of hooks, fila- 
ments, or strands is greater than the combined 
total of the other cirrus clouds present. Whatever 
the situation^ remember that HI does not progres- 
sively invade^ the sky. 

1-60. C;r-2 (cirrusl \l\gh cloud **2" is a dense 
cirrus cloud that is in patches or entangled sheaves 
which usually do not increase in size and which 
sometimes seem to be the remains of the upper 
part of a cumulonimbus. An H2 cloud can also be 
cirrus with sproutings in the form of small turrets 
or battlements or cirrus having the appearance of 
cumuliform tufts. This dense cirrus cloud does not 
Originate from cumulonimbus clouds, although the 



patches are sometimes rather opaque and have 
borders of entangled filaments. This can give the 
erroneous impression that the cloiid patches are 
the remains of cumulifi^.m clouds.- When an H2- 
cloud is present with other cirrus clouds, the H2 
characteristics must predominate for the clquds to 
be encoded as' such. H2 and H3 clouds are often 
mistaken for each other. When it is certain .that the 
'cloud evolved from a cumulonimbus cloud, the 
cloud is classified" as H3. 

1-61. C/r-5 (cirrus). High cloud type **3" is a 
dense cloud' that is often in the form of an anvil, 
which is the remains of the uprper parts of a cumu- 
lonimbus cloudr The best guide to classify this 
cloud type is to observe the upper pan pf a cumu- 
lonimbus cltud as it transforms into dense cirrus.- 
However, if you have sufficient evidence that the 
dense cirrus cloud evolved from cumuliform 
clouds, you may classify dense cirrus clouds as H3 
even though you do not actually see the transfor- 
mation. This evidence may come from pilot sight- 
ings of cumulonimbus clouds near your area or the 
unmistakable features associated with the di^ipa- 
tion of- cumuliform clouds (M6 for example).' 

1-62. C;/-^ (cirrus). High cloud type **4" is a 
cirrus cloud in the form of hooks and/or filaments 
that progressively invades the sky and beco'mes 
Jjiore dense, this cloud type is very similar to Hl 




Figure 7. Halo. , 
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except that an H4 cloud progressively irjvades the 
sky and becomes more dense. These clouds appear 
to fuse together near the horizon where- they first 
appear, but no cirrostralus clouds are present. 
When cirrostratus conditions are present, you 
should examine the clouds closely to determine 
whether or not to classify the type as H5. 

1-63. Cirrostratus. A cirrostratus cloud is a 
whitish veil very similar in appearance to cirrus 
clouds. The primary difference is the ^reat hori- 
zontal extent of cirrostratus and its more veiMike 
appearance. Cirrostratus clouds usually produce a 
Jialo when ,the cloud composition is thin enough. 
Cirrostratus often appears as altostratus on the dis- 
tant horizon. In this qase. you should consider the 
speed of movement of the cloud (a cirrostratus 
cloud appears to move more slowly) and the 
slower changes in form and appearance that are 
characteristic of cirrostratus. Cirrostratus clouds 
on the horizon are sometimes confused with haze. 
You can distijiguish the haze by its dirty yellow- 
to-brown color. 

1-64. A cirrostratus cloud is never thick 
enough to prevent objects on the ground from 
casting shadows when the sun is higher than 30*^ 
above the horizon. Observing the effect that the 
sun has on cirrostratus can be one of your greatest 
aids in determining the type or presence of cirro- 
stratus clouds. For example, a cirrostratus layer 
may be so thin that only the pre^^ence of a halo re- 
veals its presence, as shown in foldout 3, H7. 

1-65. As a cirrostratus cloud advances from the 
horizon, you can use it as an indication of an -ap- 
proaching front. This cloud type is often observed 
several hundred miles in advance of a warm front. 
This is caused by the slow ascent of air to the 
higher levels (up the warm front slope). Cirrostra- 
tus also forms from the thinning and rising of al- 
tostratus layers or from the dissipation of an ex- 
^ tensive cumulonimbus formation. 

1-66. C/r-J (cirrus and cirrostratus or cirro- 
stratus, alone). High cloud type ^'5" is cirrus and 
cirrostratus clouds or cirrostratus clouds only. 
(The cirrus clouds arc often in bands converging 
towards one point or two opposite points of^the 
horizon.) In either case, they progressively invade 

the sky and generall v grow more dense, but the 

continuous veil docs not reach 45** above the hori- 
zon. Usually, the leading edge of this cloud type is 
in the form of cirrus filaments or hooks and, occa- 
sionally, resembles the skeleton of a fish. When 
this cloud type progresses to 45 above the hori- 
zon, it is classified as H6. 

1-67. Cir-6 (cirrus, and cirrostratus or /cirro- - 
stratus alone). High cfoud type has the ^ame 
appearance and features of H5 but extends to 
more than 45** above the horizon, without the sky 
being totally covered. Similar to H5. it progres- 
sively invades the^ ^ and grows more dense. 
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When the cloud layer covers the entire sky, if is 
classified as H7. 

1-68. C/r-7 (cirrostratus). ffigh cloud type *7" 
is a veil of cirrostratus'clouds covering the celestial 
dome. This cloud is uniform in structure, showing 
few distinct details. Oh occasion, the continuous 
•veil of H7 is so thin (transparent) that the only in- 
dication of its presence is a halo phenomenon. 
When lower clouds obscure parts of an overcast 
cirrostratus layer, you may still classify it as H7 if 
you have evidence that the layer covers the sky. If 
the cirrostratus layer does not cover the sky, clas- 
sify the cloud type a5.H8. 

1-69. (cirrostratus). High cloud type "8'' 

is cirrostratus which is not or is no longer progres- 
sively invading the sky and i^hich does not com- 
pletely cover the celestial dome. When H8 is pres- 
ent with other cirriform cloud types, it must be 
predominant to be classified as H8. Though the 
definition of this cloud type specifically states that 
the cirrostratus clouds are not progressively invad- 
ing the sky, this refers to the continuous veil form 
of the cirrostratus formation. When cirrostratus is 
in patches (not cirrus), H5, H6, and H7 are not 
appropriate classifications. Qassify patches of cir- 
rostratus as H8 regardless of whether they are in^ 
creasing, even though cirrus and cirrocumulus 
clouds may also be present but not predominant. 

1-70. Cirrocumulus. Cirrocumqlus clouds (H9) 
are very much like the regulariy arranged elements 
of high altocujnulus clouds. The basic difference, 
however, is their size and composition. To fcfe cir- ' 
rocumulus clouds, the element must have an ap- 
parent width of less than T. You can measure this* 
by extending your little finger at arm's length. If 
the element you are evaluating is not larger than 
your finger, the cloud type is probably cirrocUmu- 
lus. Again, this guide is only reliable when the 
cloud element is higher than 30° above the hori- 
zon. 

1-71. Cirrocumulus clouds consist primarily of 
ice crystals, but they can ajso consist of minute su- 
percooled water droplets that are usually replaced 
rapidly by ice crystals. Cirrocumulus clouds are 
obi-erved with a slight corona phenomenon which 
adds to the beauty ofjhe cloud. When this cloud is 
-presentr^hc sky is often referred to as a mackerel 
sky because of the cloud layer's resemblance to the 
scales^ of a fish. Some observing terms used to 
identify this cloud are pebbles on a beach, honey^ 
comb, and netlike, ^ 

1-72. Some forms of cirrocumulus clouds are 
similar to altocumulus castellanus clouds. They ap- 
pear as small tufts or turrets; however, they must 
be less than 1 in width to be classified as cirrocu-^ 
mulus. Foldout 3, H9, shows an example of cirro- 
cumulus development with other cirriform ciouds. 
Some of the elements appear so small that they are 
difficult to discern with the naked eye. 



1-73. High cloud type *'9" is cirrocumulus 
cjouds by 'themselves or accompanied by cirrus 
and/or cirrostratus clouds, but the cirrocumulus 
clouds miisi be predominant. Be sure that you re- 
member that the elements of cirrocumulus muft 
have an apparent Width of less than I*'. Before dis- 
cussing encoding of the cloud types already men- 
tioned, let's look at the names and identif>ing fea- 
tures of some mountain wave clouds. 

1-74. Orographic Cloud Forms. Certain types of 
clouds are formed as a result qi air moving aver 
rough terrain. These clouds indicate the presence 
of a mountain wave condition in the atmoi^phcre, 
therefore, they are significant in flight operations. 
A mountain wave condition consists of turbulent 
air and strong updrafts and downdrafts. Flight op- 
erations in these conditions pose a serious threat to 
flight safety. As. a weather observer, it is important 
that you recognize and report these unusual 
clouds. 

1-75. TTie most common orographic clouds be- 
long to the same class as altocumulus, stratocumu- 
lus, and cumulus clouds. Listed below are the bro- 
graphically produced clouds that are related to a 
mountain wave. 

• Lenticular— altocumulus. 

• Rotor (roll) — cumulus. 

• Foehnwall (cap, collar) — stratocumulus. 

1-76. Lenticular. The lenticular cloud is an al- 
tocumulus cloud (M4) w^ich is almond or fish- 
shaped. The cloud is-observed in patches at one or 
more levels, And the elements are continually 
changing in appearance but generally remain sta- 
tionary in spite.of the high wind speeds. They con- 
stantly form oh*^ their windward 5ide and dissipate 
on their downwind side. Since the cloud patches 
are of limited horizontal extent and their elements 
are continually* changing, these clouds are usually 
semitransparent rather than opaque. The patches, 
as a whole, may have the form of large lenses and 
are not progressively invading the Sky. Foldout 2, 
M4, shows an example of standing (stationary) 
lenticular clouds. 

1-77. Rotor. Rotor clouds are cumuliform in 
appearance and are found on the leeward side of 
the mountain range. Rotor clouds, similar, to lenti- 
cular clouds, are stationary and are constantly 
forming on their windward side and dissipating on 
the leeward side. Because, of their vertical develop- 
ment and cumuliform appearance, they are usually 
. encoded as low cloud type "2." 

1-78.^ In addition to classifying the lenticular 
and rotor cjouds for cloud code group encoding, 
you must append remarks concerning these clouds 
to yQur weather observation, such as the follow- 
ing; 

ACSL OVHD AND W 
FEW ACSL FORMG W-NW 
APRNT ROTOR CLDS OVR iMTNS 



The first remark indicates that jou observed alto- 
cumulus (AC.) standing lenticular (SL) overhead 
(OVHD) and to the west (W) of your station. In 
the second and third remarks, "FORMG*' is the 
contraction for forming and "APRNT** is the con- 
traction for apparent. 

1-79. FoehnwaU. The foehnwall cloud is strato- 
cumulus in appearance and is usually classified as 
low cloud type *'5." This cloud hugs the top of the 
mountain and sometimes flows down the leeward 
side of the mountain, producing the appearance of 
a waterfall. Thib concludes the discussion of basic 
and international cloud t\pes and their characteris- 
licb. However, cloud recognition and identification 
is only part of your job. You must know how to 
encode the cldud t>pes so that your observation 
Qan be bent to other weather stations and weather 
centrals. 

1-80. Encoding ICiCmCi, Group (Column 13). 
Each 3- and 6-hourly observation must have a 
cloud code group appended to it. Of course when 
the sky is clear or com pie t eh hidden by surface 
obscuring phenomena, a^cloud code group is not 
appended. The lCi.C\iCK group is entered in col- 
umn 13 of AWS Fofm 10. (The sequence' of entry 
for observations is discussed in a later section of 
this text.) Presently, the concern is how to encode 
the cloud types correctly. 

1-81. Whenever there is only one cloud type 
present for each cloud division of the atmosphere 
(Ci., C^^ and Cn), you merely enter the correct 
type for each division. If no clouds are present in a 
division, enter a. zero for that division. Whenever 
you have more than one cloud .type in a division, 
you select the type that is the most significant. 
Table 1 showsahe order of, priority for encoding 
clouds in the ICi.CjiCn group. 

1-82. Suppose you determine that the following 
cloud types are present during a state-of-the-sfcy 
evaluation: 

Ci-2 (towering cumulas) 

Cr.-5 (stratocumulus at a different levelj 

Cm-3 (altocumulus) 

Crr-1 (cirrus) 

Cij-8 (cirrostratus) " 

How is this cloud observation encoded for the 
cloud group entry in column 13 of AWS Form 10? 

1-83. Table 1 shows that L2 takes priority over 
L5 when low. cloud types are encoded. But it is not 
as simple as this. Generally, you enter the code of 
the ClQud type that has priority; however, when L2 
and L5 are both present (at different levels), the 
low cloud type, is classified as L8. This example 
for encoding low cloud types illustrates the impor- 
tance of knowing the definitions of the 27 interna- 
tional cloud types. An inexperienced Qbsejrver 
miglit select L2 for encoding. Only one middle 
'cloud (M3) is present in this example; therefore, 
the cloud group code is 183 to this point. The cir- 



167 



rifonn cloud types arc classified as HI and H8; 
therefore, you need to determine from table 1 
which high cloud must be encoded. In this case, 
high cloud "8"" takes priority over HI. The correct 
entry in column 13 of AWS Form 10 for this par- 
ticular state of sky is 1838. Make the forecaster 
aware of the presence of towering cumulus by the 
remark "TCU" in column 13. 

1-84. When lower clouds form an overcast 
layer, thereby obscuring middle and/or high cloud 
layers, the encoded* values for the obscured lay- 
er(s) should be entered as a solidus (slant line) as 
shown in^fhe following examples: 

15// 
102/ 

The solidus is only used when the low or middle 
overcast layer has 10/10 opaque sky coverage. BI- 



. NOVC^ (bcealci. in. '0\^^^ is considered as 
10/10. The cJoud code/ group is just one method 
of recorcjing state-pf-the sky evaluations. Another 
method is to encode the state of the sky according 
to layers, amounts, and heights on AWS Form 10. 

1- 85. At this -point, take a break and answer 
the chapter, re view, exercises in your workbook for 
Section 1. ^^'^^ 

2. Ceiling and Sky Condition 

2- L Pe.tennining_the_sky^ cojiditloa is. largely- 
subjective and requires^ above all, practical experi- 
ence. There is one important reason for a careful 
evaluation of the sky. Almost all changes in sur- 
face weather are preceded or accompanied by 
clouds. For example, frontal passages give advance 
warning of their presence by a series of changes in 
clouds and sky condition. The forecaster interprets 
the significance of these changes from your ob- 



Table 1 

Order of Priorttv for Encoding IClCxCm Group 



Order of jLov7 Cloud 
Priority C 



Middle Cloud 



High Cloud 



..1st - 9 CB (anvil) 
2nd 3 CB 

3rd 4 SC {from CU) 



• 4th 

5th 

6th 
7th 

'.8th 

9th 

10th 
11th 



8 SC & CU 



2 CU(large) 



icu^ 

5 SC(not from 
CU) . 

6 ST 



7 STFRA, 
CUFRA 



9 AC{chaotic) 

8 AC(turrets) 

7 AC (with AS 

or NS) ' ' 

6 ACjfrom CU) 
5 Ac (invading) 

4 AC{changing) 

7 AQ(two^ levels) 

\ 

7 AC^( opaque) 



9 CC (predominant) 

7 CS (covers sky) 

^8 CS(not covering 
or invading) 

6 CS(invading, over 
45°) 

CS( invading, less 
than 45 ) 

4 CI (invading) 

3 CI (from anvil) 



3 AC(5emi- 

trans parent) 

2 NS or AS 

1 AS (semi-transparent) 



2 Cl(dense patches 
predominant) 

1 CI (filaments 

predominant) 
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Table 2 
Sky Cover Symbols 



ERIC 



" SYMBOL 


DEFINITION 


O ' 


^ T ^ 

Clear (CLR) - O.O total sky cover. 


dx 


Scattered (SCTD) - 0. 1 to 0.5 sky covered. • • 




Broken (BRKN) - 0.6 to 0.9 sky covered. 




Overcast (OVC) -1.0 {ten tenths) sky covered. 


— X 


'Partly obscured - 0. 1 to Ov9 sky covered by 
surface based obscuring phenomena. 


X 

♦ ^ 


Obscured - 1*0 {ten tenths) skyyoveredby 
surface-biased phe^nomena. 



servation. Your training in making surface obser- 
vations prepares you to recognize and record the 
details of the changing sky. 

2-2. Sky condition is observed and evaluated in 
layers^ During observation^ you consider amount, 
transparency, and height for each layer. Looking, 
then, at a series oT observations,' you can see sky 
cover transitions by the changes in the observed 
layer. A change in amount of a layer from 0.8 to 
0.6 may appear unimportant froni one observation, 
to the next. However, when this minor change is 
regarded within a trend andjn relation to all the 
other sky data, an approaching' weather situation 
may be foretold. In observing the sky condition^ 
first you consider the layers of sky cdver. 

2-3. Layers. A layer Is defined as clouds or ob- 
scuring phenomena which have bases at the same 
approximate level^l^^yQt may appear as continu- 
ous cover, such as stratus, or it may appear as de- 
tached elements, such as fair-weather cumulus. 
Also, both continuous and detached elements may 
combine to form a layer. The essential require- 
ment is that their bases l?e at the same approxi- 
mate level The upper portions -of a cumulonimbus 
cloud are often spread horizontally by wind and 
form dense cirrus or altiform clouds. These hori- 
zontal extensions of the cumulonimbus clouds are. 
^I^cgarded as separate layers only if thejr bases ap- 
pearliorizontal and at a different level from the 
parent cloud. Otherwise, the entire cloud system 
should be regarded as a single layer tit a Height 
corresponding to that of^the base of the cumulo- 
nimbus. A layer can be** a combination* of cloud- 
types- or obscuring phenomena at the same level. 



Obscuring phenomena, such as haze, are otten 
present in the 'atmosphere but are not considered, 
as alaver unless they have an apparent base. Hav- 
ing divided the state of the sky into layers of 
clouds, obscuring phenomena, or both, next deter- 
mine the amount of each layer. 

2-4. Amount. Though you observe the amount ^ 
' of sky covered by each layer in terms of tenths of 
sky, symbols are used to describe the sky cover. 
Table 2 gives the sky cover symboU and their 
meaning. These Sky cover symhols are entered in 
column 3 of AWS Form 10 for each layer of 
clouds or obscuring phenomena— surface-based or 
not. Each symbol represents the portion of the si^y. 
that is covered at that layer and below. Figare 8 il- 
lustrates this "at the below" concept of assigning 
sky cover 'symbols. The difference between layer 

and sky cover also is shown . 

2-5.' in figure 8, the first layer (2/10 btratus) is" 
entered in column 3 of AWS Form 10 as a scat- 
tered symbol (®). This 2/10. amount-also reore- 

* X/IO AITOSTRATUS 



3/10 (:iRROSTRATUS 



2/10 STXATUS 



. 

Figure 8. Layer and sky cover. ^ 
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4/10 AirosjRArus 




Figure 9. Surface-based sky cover, 

senls ihe toiaLsky cover at this level. The next 
layer tells a different story. Though the altostratus 
covers 4/10 sky or ^ layer, the" total sky cover up 
to this ppint is 6/10 'because of the cc hined 
amounts of the first two layers. Thus, the iTibol 
f6r the altostratus layer is O* f broken) bccai-^e of 
the concept described as **at and below" >' \ 
The^highest layer (3/10,- cirrostratus) U a so as- 
signed a broken symbol because the <.c ,nbined 
^total equak 9/10 sky^ cover. 

2-6. You pan understand how meaningless it 
^vould be to ent^r three separate scattered .symbols 
in column 3 tp report, the^e individual layer's. To a 
pilot flying above the highest layer and ro6king for 
ground rfavigaiional aids, your report of "scat- 
tered" sky cover would hide 9/10 of the ground 
from his view. By reporting a broken sky cover,' 



you4iave more accurately described the sky condi- 
tion to the pilot. 

2-7. Symbols for - reporting surface-based ob- 
scuring phenomena are also provided. Table 2 
show<: that a — X symbol describes a partly ob- . 
scured condition. Figure 9 shows another typical 
sky condition. What sky cover syjnbols are entered 
in column 3 oi .MVS Form 10 for this^xample? If 
you sciectod -X for the first layer,Nn) for the 
next layer (cumulus fractus), and © for the high- 
est layer, you are correct. Rgure 9 illustrates wo 
principles. Fu-st, the 6/10 fog, even though surface 
based, hides sky just as if it were a clOud aloft. 
Second, the 0/10 cumulus fractus mu'st be treated 
as a layer. Even though this layer covers less than 
0.1 sky, it is a layer by definition and also meets 
the criteria for broken sky cover. This is true be- 

- cause the totalat and below that level (including 
the 6/10 fog) hides enough sky to require the bro- 
ken symbol. ^ 
2-8. Once more the difference between a -layer 
and sky cover is compared. A cloud may qualify 
as a layer, yet not cover enough sky (6/10) to 
qualify as sky cover. Consider, for example, a 
0/rO layer of-cumulus by itself. You cannot ignore 
it as a cloud (thus also a layer), but the column 3 
(AWS Form 10)* sky cover, by definition, must be 
clear, O. The presence of the 0/10 layer can then 
be remarked in column 13. 

2-9. When sky cover layers are advancing or 

, ^ receding on the horizon, you use the left-hand col- 
' umn of table 3 as a guide to determine the number 
of tenths of the sky that is covered by a layer. 



Table 3 
Sky Cover AMoukrs 



Angle of Advancing 
or Receding Lay^r Edge 


Tenth? of--.- 
Sky. Cover 


Angular Elevation of 
■ Layer Surrounding Station 
■ . • • • 


0° to 25° 
26° to 45° 


0 


^ ' 0°to2°- 
■ ■ 3° to 8° 


46° to 59° - • • 
60° to 72° 


. 2 
3 • 


9° to 14° 
15°-to 20° 


' ,■ ' 73° to 84° ~ ' 
85°.to95^ ^ 


4 

" 5 ^ 


21° to 26° . 
. ^7° to 33°. 


96° to 107° , . • 
- 108'' to -119° , , ■ . " - 


6 
7 


• ■• 34° to 40° " • 
41° to 48° 


120° to 134°' ■ 
' 135°:to 154° 
1S5° to 180° 


8 
9 

■ 10 , 


49° to 58° • • 
59° to 71° 
• 72° to 90° 
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10/10 ORROSTRATUS TRANSPARENT 




^ 2/lOCUMUlUS 




4/10 AIT0CUMUIU5 
(3/10 TRANSPARENT) 



' Rgore 10. Thin sky cover. 

When a layer of sky cover suHraUnds the station, 
use the right-hand column of table 3 as a guide to 
determine the number of tenths of sky coverage. 
Table 3 takes much of the guesswork out of esti- 
mating sky. coverage at difficult angles of observa- 
tion. 

2-10. During your observation of sky cover, be 
alert for layers that octur.directly beneath another ^ 
layer. In this case, you cannot add the amounts of 
both layers^to arrive at total sky cover because 
they hide the same section of the sky; for example, 
when 0.3 of cumulus is below 0.5 of altocumulus. 
Together these two layers, /zWe 0.5 of the sky and, 
therefore, are both scattered teyers. The few sam- 
ples discussed here help to illustrate the layer ver- 
sus sky cover principle and entries for sky cover 
amounts. Another feature that you must consider 
when observing sky condition is the transparency 
of the layer. . ^ . 

'2-11. Transparency. This fancy term means 
"capable of being seen through." A window is 
transparent. Opaque^is the opposite of transparent. 
We designate sky cover as either tonsparent or 
Opaque. Occasionally, when we talk about certain 



Layer 
1st 
2nd 
3d 



Amount 

0.2 • 

0.4 

I.O 



Total 
Opaque 

0.2 
■ 0.3 
0.3 



clouds, such as altocumulus, we use the term semi- 
transparent. That is a proper and accurate descrip- 
tion — for clouds. For sky cover it is not proper. 
These semitransparent layers, though they permit 
the passage of light, do" not permit a clear picture 
of higher layers. Therefore, for practical purposes, 
consider them opaque when you are deciding be- 
tween transparency and opaqueness for encoding 
purposes. 

,2-12. To accurately encode transparent sky 
cover, you must again recognize the difference be- 
tween a layer and sky cover. .That is, the "at and 
below" concept importantly affects your decision. 
Transparent layers are classified as thin. The low- 
est layer can be classified as thin only when the 
transparency equals 1/2 or more of the total layer 
amount. For example, a layer of stratus that cov- 
ers 0.6 of the sky but is 0.3 transparent is classi- 
•fied as thin. Column 3 entry (AWS Form 10) 
would be -®. The minus (-) sign indicates 
that the layer is thin enough to reveal higher 
clouds or sky above. - 

2-t3. When you observe multiple layers, use 
<the "at and below'^ concept to obtain "total" 
opaque and transparency amounts. -Figure 10 
shows an example of opaque and'transparent lay- 
ers coexisting in the sky. To solve this problem, 
start with the lower layer and work up. Let's ar- 
^range the amounts for each layer in order and add 
the transparency totals for each layer. You can 
count three layers in figure 10; thus yOu need 
three sky cover symbols. As you add each layer to 
the totafsky cover, the first Dayer^is O, second ®, 
and' third ©. Decide jiow, at which layers the sky 
cover is thin. Below, you can seeahe information 
for each layer arrarf|ed in table form. 

"Totdl / Total ^ Sky Cover - ' 

h Transparent ='Sky Cover ^ ' Symbol 

- 0.2 ' H) 

0.3- 0.6 - ® 



It is jeasy to see that the .total transparent sky cover 
becomes 1/2 of the Jptal sky. cover at-ihe sicfcnd^- 
layer> It, then, is reported. as thin broken ( -r ®). 
Th^sky Cover remains thin at the third layer. This 
is so because the transparent sky cover is well over 
1/2 of the total cover. 

2-14. It is, possible to report more than one 
overcast symbol in column 3rThe only rule to ob- 
serve in this case is- that only the highest layer may 
be classified opaque. The lower overcasts must be 
thin. As a final step in reporting sky cover, ypu as- 
cribe a height to each reported layer. 

2-J5. Height. Heights of layers must be re- 
ported according to established reportable values.' 
Table 4 shows the reportable values that can be 
entered in column.3. For example, during an eval- 



uation of sky cover, suppose^ you* detect four 
^epaqu^^ayefs:^ 

0.3 Surface-based fog. ^ 
0.3 ^tratocumulus at 4J8G feet. 
* 0.0 Altocumulus at 9,300 feet. ^ - 

1.0 Altostr&tus at 1^,500 feet. 

If you use table 4 correctly, the height en- 
tries in column 3 for each hyeri shoul(J be: 
-X48®95®160©. This example does not indi- 
cate a ceiling designator which we will discuss sep- 
arately. Notice that the last layer (altostratus) is 
exactly halfway between two reportable values. In 
^this case, select the lower value. 

2-16., In the above example, each height repre- 
sents the base of the layer above the surface. 
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Table 4 
Sia S.OVEK Height Values 



r eet 


^ ' Reportable Values 
iCoded m Hundreds df Feet) 


• 5000 or less 


To nearest 100 feet 


5001 to 10; 000 ' 


To nearest 500ieet 


W = 7 

Abpv.e 10, 000 


To nearest 1/000 feet 
• = 



Code heights that are halfway between reportable values as 
the- smaller of. the t"'v /alues. 



There is "one situation 'when height repre>onl^ the 
vertical visibility into the layer. This ap;'io. only 
to a surface-based layer completely ob<ici.iring the 
sky fX). Since this layer is a ceiling, the di^cus*- 
sion of how to obtain its height discu>>ed later. 

2-17. <For all sky coverage, whether scattered, 
broken, or overcast — ceiling or nonceiiing — thin 
or opaque— clouds or obscJrmg phenomena, you 
must use the<height that is obtained from the most 
reliable method. Several methods are available for' 
obtaining heights. You must take into considera- 
tion not only the reliability of the height data but 
also the distance from the observation point, the 
height of the layer, and the time of observation. 
Do not enter in column 3 (Form 10) the method 
by which you obtained the height measurement, 
unless you have a broken or overcast layer that is 
classfied as a ceiling. However, the s?me rules for 
obtaining heights apply for all layers, regardless of 
amount. When finally you have the^ amounts, 
transparency, and heights of the layers, your last 
decfsion yivolves the sky cover greiling. 

2-18. .Ceilings. A ceiling is the height ascnj^gd 
to. the lowest opaque layer of clouds or oJ^uHng 
phenomena aloft that is reported as broJ^n or 
'Overcast; or tH^ vertical visibility in a <urface- 
, based phenomenon that obscures the .sky. In many 
cases, ceiling layers are the principal controlling 
.factor for aircraft departures, landings, or the di- 
version of aircraft to atioVHer field. Low ceilings 
demand the most accurate measurements possible. 
Sometimes a difference of 100 feet in the. ceiling 
l^yer determines whether or not an aircraft can 
land or whether the pilot must seek an alternate 
field. Theccfore, two important responsibilities in 
observing sky conditions are, first, to correctly 
judge the presenc*6 of 0.6 sky coverage and, sec- 



ond, to assign an, accurate height to the ceiling 
layer. 

2-19. In column 3 of AWS Form 10. ceiling 
heights are provided with a ceiling designator. 
These letter designators (listed below) indicate the 
method by which you obtain the ceiling height. 



Designator 

M 
R 
A 

E 
W 



Meaning 

Measured ceiling 
Radar ceiling 
Aircraft ceiling 
Balloon ceiling 
Estimated ceiling 
Indefinite ceiling 



The list above is in descending order of reliability. 
Normally, the rotating beam ceilometer is used for 
determining layer and ceiling heights or vertical 
visibility. But the ceilometer has limitations. Then 
use the most reliable and possible alternative 
method. Let us investigate the methods of obtain- 
ing heights to see how and when each one should 
be used. 

2-20. Measured, Ceiling heights are prefixed 
with an "M'* designator whenever they are ob- 
tained by a ceilometer, ceiling lights, or kfiown 
heights of isolated objects (towers, smoke stacks, 
etc.) within I Vi nautical miles of the airfield. Val- 
ues obtained from either the ceilometer or ceiling 
light must be less than 10 times the baseline to be 
classified as a measured ceiling. During ceilometer 
outage, you may use the ceilometer on an alternate' 
runway — under one provision. Using your judg- 
ment, the measurements must be representative of 
conditions on the active approach. The best meas- 
urements are those which average as many angular 
readings-as possible during the period of observa- 
tion. 
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2-21. Radar, the **R" ceiling designator per- 
tains to hcight'mcasurements from cloud detection 
radar. Storm detection or M^eathcr surveillance 
radar cannot be used for an "R'*" ceiling. The rclia- 
Hlity of the TPQ-11 cloud detection radar has 
been discussed earlier in Volume 1, Chapter 3. 
' From that discussion you arc aware that you, must 
carefully consider the radar values you obtain. 
Supplement them with any other method available 
if the values appear nonresprlssentativc. 

2-22 Aircraft. Ceiling heights reported by a 
pilot qualify as "A" designated ceilings. Not all 
aircraft reported ceilings canrbc considered valid 
for your station because of distance or time of ob- 
servation. Therefore, to use the "A" designator 
with cirriform layers, the report must be within 50 
nautical miles of the airport and 1 hour of the ob- 
servation time. Noncirriform layers must be ob- 
served within IVi nautical miles of the airport 
runway and also Avithin 15 minutes of the actual 
time of an observation. If you receive an aircraft 
ceiling and are unsure of Jts distance from your 
station or its value as a ceiling height, do not use 
it. When you use an aircraft height in column 3, 
convert it from , an MSL height to a height above 
surface. 

2-23. Balloon.. A balloon ceiling is. based on ei- 
ther a pilot, ceiling, or raob balloonMfension. As- 
cension rates are expected to bc^Pwed by the 
amount of lift given to the balloons. Proper bal- 
loon inflation (neither over nor under inflation) 
controls this important aspect. The^ known ascen- 
' sion rate is compared to the length of time be- 
tween reFease and entry of the balloon into the 
layer. The point of entry is midway between the 
time the balloon first begins to fade -and the tjme 
of conipletc disappearance. Then you compare the 
observed time with prepared tables that are com- 
puted for the various size balloons. In the case of a 
raob balloon, the time is compared -to the pres- 
sure-height data of the radiosonde observation. 

2-24. Ascensional rates must be closely ^vatched. , 
Anything that changes the rate^ makes the pre- 
pared tables incorrec^. A lighting device, for in- 
stance, attached to a pilot balloon affects the accu- 
• racy, ^^censional rates of ceiling or pilot balloons 
are unaffected by drizzle of any intensity. Since 
'you must watch the balloon carefully to detect Its 
point of entry, choose a balloon color that can best 
be watched under the situation. Red balloons are 
usually the best to use with thin layers and blue or 
black balloons under other conditions. A stopwatch 
or sweep second-hand also makes determination of 
the correct time easier for you. Whenever the ac- 
curacy of the balloon ascension is in doubt, the 
ceiling is designated as "E." 

2-25. Estimated. An "E'* ceiling covers all the 
cases where the method used to find the height 
was considered unreliable. As pointed out during 
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the balloon ceilin g discu ssion, a lighting device at- 
tached to aajj^ IWllo'wi affects the ascensional ac- 
curacy. ^i^iVmg derived in that manner is an "E" 
ceiling. Moderate to heavy rain or snow, hail^ or 
any intensity of ice pellets and, freezing rain during 
balloon ascension alsQ makes an "E" ceiling' Apy 
cirriform ceiling height obtained by M. A^R, or B 
method which is also between 1 and 6 hours old 
shouIdCbe classed as an "E" cejjing. Of course, no 
evidence of change in height from the original 
valpe must exist. 

2-26. Heights obtained from ceilometers or 
ceiling lights that are equal to or greater than^'lO 
times the baseline must be classed as estimated. 
Also, if you use the known height of a landmark 
or tower situated more than IVi nautical miles 
from the runway, call the height estimated. 

2-27. The RHI scope of the storra^ detection 
radar is not a good indicator of cloud heights, es- 
pecially in the low or high cloud ranges. Heights 
obtained by this method are classed "E." You 
should not assume from this discussion that "E" 
classed ceilings are inaccurate. They can show a 
good degree of accuracy. However, they simply do 
not meet the strict standards of reliable measure- 
ment that are required of a ceiling height evalua- 
tion. ^ 

2-28. Two common methods of, obtaining ceil- 
ing heights fit the above description. The first of 
these, the convective cloud height diagram, allows 
you to estimate the heights of convective type 
clouds with relative accuracy if certain considera- 
tions are met, as follows; 

. a. Clouds are formed near the observation 
point (local heating involved). 

b. Local terrain is not mountainous or hilly. 

c. Clouds arc at or below^5,000 feet. 

d. Recent dewpoint and free air temperature 
readings are available. 

You can use the diagram, in figure 11 to estimate 
the base of convective clouds. Locate the dewpoint 
temperature at the base of the diagram (vertical 
solid Iines)^nd the dry-bulb temperature (sloping 
solid lines), and foIIo^y these lines to the point 
where ^hey intersect. Follow this point horizontally 
to the right side of the chart, and read the esti- 
mated cloud height. This value represents the base 
of the convective clouds at your station. For exam- 
ple, assume that you have a dewpoint reading of 
57^ F and a temperature of 73? F. The estimated 
cloud height is* approximately 3.800 feet. One im- 
portant fact to remember when you use this 
method to determine cloud heights is that as 
changes in the dewpoint and temperature occur^ 
you must make new computations of the height. 

2-29. The second r^ethod of obtaining esti- 
mated ceilings is probably the most frequently 
used, that js, using your own experience concern- 
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Figure 1 1. Convcctivc cloud hdght diagram. 
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ing cloud types and sky conditions to make an esti- 
mation of height. Tour estimations should be 
checked, whenever possible, against a reliable 
method of measurement. This comparison fur- 
nishers you with an idea of whether you usually es- 
timate high or low under different conditions of 
sky cover amount and background. 

2-30. Indefinite. The "W" ceiling represents a 
vertical visibility into a surface-abased obscuring 
phenomenon. This vertical visibility may be ob- 
tained from a pilot looking downward into the ob- 
scuration. However, his observation must be 
within 1 Vi nautical miles of the runway and within 
15 minutes of actual observation time to be a valid 
"VV* ceiling. Othe> ways to obtain vertical vjsibili- 
ties are from the upper portion of a ceilometer re- 
action, die top of a ceiling light projector beam, or 
the heieht at which a balloon completely disap- 
pears. Visible portions of buildings or towers may 
aid your judgment in obtaining a vertical visibility. 

2-31. The column 3 (Form 10) entries for sky 
condition reveal the number of layers, amount of 
sky cover, tran^arency, height, and ceiling height. 
AH this data is described by means of a simple 
entry such as M20(ID. You may further ^describe 
the sky condition by adding remarks. 
• 2-32. Ceiling/Sky Remarks and Entries, Some 
facts that the standard column 3 entri6s do not re- 
veal are ceilings that vary in height or amount, 
heights of cloud bases and tops not visible fr.om 
. the station, significant clouds, or other significant 
features about the sky cover. This significant infor- 
mation is added, when necessary, to the airways 
observation. First of these in our dSscussion is the 
variable ceiling. 

2-33. Variable ceiling. Variable ceiling is a 
term that describes a condition in which the ceiling, 
rapidly increases ancj decreases by one or ^ore re- 
portable values while the ceiling observation is 
being taken. Rapid fluctuations of the ceiling indi- 
cate an-irrefgular base; therefore, the height is vari- ' 
able. A vatiable ceifing is reported oply when the 
ceiling is less than 3,000 feet. The- height of th$' 
ceiling is the average of alUhe observed vnlueg. A 
variable ceiling is hot Based on rapi3~r]uctua(tions 
of thcvinsfrument readings alone. Visual ot>serva- 
tt<$h is needed to exclude the possibility that the 
fluctuation is causeji by separate layers. 

2-34. To^ enter a variable ceiling, average the 
readings obtained during the ceiling observation. 
'Enter the average (use importable values only) as 
the ceiling height in colutnn 3. This average value 
is suffixed with tiie letter "V" to indicate that the 
ceiling is variable; for example, M15V©. When- 
ever you make a variable ceiling entry, you must 
enter a remark fer the lowst and higheat value of 
ceiling variability, such as CIG 11V19, in col- 
umn 13. When considered together,, the entries 
M15V9 and CIG 11V19 make a complete de- 
scription of the ceiling layef. 
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2-35. t^ariable sky cover. The amount^of sky 
cover occasionally varies between reportable val- 
ues. Variable sky cover may occur at any level not 
necessarily at the ceiling layer. Nothing need Be 
remarked when a layer varies in amount from 
4/10 to 5/10, for instance. Both amounts qualify 
as scattered. Remark those amounts that vary be- 
tween reportable values — 5/10 to 6/10 (scattered 
to broken). The variability may go from dD to ®, 
too. Whatever the situation, enter the symbols sepa- 
rated by a "V"— (DVdD. Prefix a height to those 
layers that might easily be confused with anotiier 
layer of like amount— 150 V dD. Other significant 
information pertains to sky cover not visible from 
the station. 

2-36. Bases and tops of layers. Whenever radar 
or pilot reports provide information on tiie bas^s 
of layers that are not visible at tiie station and on 
tops of layers, they should be entered in column 
•13 if the reports meet die following criteria: ' 

• They aire witiiin 20 nautical miles for noncir- 
riform clouds. 

• They are within 50 nautical miles for cirri- 
form clouds. 

Each base or top 'is separated from other data and 
other layers by a slant line. The heights are en- 
tered in hundreds of feet MSL. When the report is 
more than 15 minutes.old but is considered opera- 
tionally sienificaiit,' precede the report with t^e. ' 
time (GMT). Tie following are some typical ex- 
amples of how cloud bases and tops are reported 
in column 13; • 

/75©/^50(ID220/ 
^ ' . /60©/8d/1733 U330/ 

/iafi7<Dno/220U/ 

The "U" indicates an unknown (or unreported) 
h.eight. 

,2-37. To entfr base and top information from 
radar sources, prefix the reports with the contrac- 
tion RCD (radar cloud detection) : 

/RCD75U/I50U2207 — 
/RCD(ID65/09I8 130UI80/ 

When radar and pilot reports are mixed, use the 
RCD and PIREP contractions to separate them. 
These reports of cloud bases not visible, or of tops 
of layers over the station, add meaning to standard 
sky condition entries in column 3. 

2-38. S/cy condition, remarks. There is such a 
variety of sky conditions to be reported that the 
column 3 entries, though they provide much in- 
formation, alone cannot give the whole picture. 
You should add remarks for the significant sky 
features observed. 

2-39. Operationally significant remarks are re- 
marks that you consider to be important to plan- 
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ning and conducting flight operations. At mosLta- 
tions, certain cloud formations and movement are 
. of no particular significance. However, at a coastal 
station or in a mountainous area, certain cloud 
types reveal significant features about impending 
chMges in the ceiling, visibility;,or weather in^gen- 
eral. By reporting these operationally significant 
. remarks with your observation, you add greater 
meanmg to other entries. Use authorized contrac- 
tions or plain language, when necessary, with op- 
erationaUy. significant remarks. Some, observers 
hesitate to encode these remarks- because of the in- 
creased chance of making errors. This, of course, 
IS not the correct nor desired attitude, i^dd re- 
marks that are significant^ but phrase {he remark 
solhat It does not resemble a forecast. The more 
common sky condition remarks are discussed in 
the following paragraphs. 

2-40. The following remarks deal with open- 
ings or holes in the sky cover. 

/mo?? VSB-reported when higher 

(HIR) clouds (CLDS) are visible (VSB) through 
breaks in an overcast that is not classified as thiA. 

b. BRKS — usied for a broken ceiling layer that 
IS below 1,000 feet and is followed by the direc- 
tion of breaks fBRKS) from the station. For ex- 
ample. BRKS N or BRKS OVR MMKR (middle 
marker). 

c. VINOVC— reports breaks in an overcast 
layer not classified as thin, No higher clouds are 
visible. Follow the contraction with the direction 
from station — BINOVC E. 

2-41. The remark "BRKS" for a broken layer 
below 1,000 feet is very important to flight opera- 
tions. This remark discloses to the pilot the loca- 
tion of the clear area in the broken layer. When 
you know the direction from the ROS to the mid- 
dle marker (radio instrument tised for landing) 
you can report "BRKS OVR MMKR" when the 
remark is appropriate. The middle marker is sig- 
nificant because it is located off the end of the- 
runway where the pilot makes his landing ap- 
proach; therefore, if this portion of the sky is free 
of clouds, you should append this remark to ypur 
observation. Check with your chief observer" to 
find out the exact location of the middle marker 
-relative^o^h■e ROS. 

2-42. Other remarks describe a variety of ob- 
served features. Perhaps you might observe that 
the ceiling or sky condition at a distance from your 
station appears to be different. If you can find evi- 
dence that this, is so, remark it in' a fashion that 
tells exactly what you see. Here are samples of re- 
marks you might use: 

• CIG LWR OVR CITY— ceiling lower over 
city. 

• MTNS OBSCD W— mountains obscured 
west. / 
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• LWR OLDS W APCHG STN— lower 
clouds west approaching station. 

• MTN TOPS OBSCD NE^E— mountain 
tops obscured northeast through southeast 

f 2-43. Also, you will see other stations fre- 
quently using the remarks THN SPOTS lOVC or 
CIG ROD. These two common remarks add a bit 
more detail to the meteorological picture as well as 
help air traffic. Though not strictly a doud, when 
you observe virga, remark it and add the direction 
from station. 

2-44. The presence of clouds (0/10) below 
other layers or in a clear sky condition is a good 
example of an operationally significant remark. 
This layer of clouds (0/10). cannot be entered in 
column 3 because it does not meet the. criteria for 
a scattered layer. By making a remark such as CU 
W-N in column 13, you alert the forecaster to the 
presence and formation of a convective cloud. At 
coastal stations, perhaps the sitting of a distant 
layer (0/10) of stratus moving inland is signifi- 
cant. When a cloud code group is encoded in col- 
umn 13 for layers not reported in column 3, an 
operationally significant remark Js repetitious and 
need not be entered. 

. 2-45. The final remarks in our discussion for- 
sky condition are the obscuring phenomena re- 
marks. Whenever the sKy is partly obscured ( -X), ^ 
enter the type of phenomenon causing the obscur- ' 
ation and its amount in tenths. No rematk is re- 
quired for zero or ten tenths. For example, F2 in- 
dicates that 2/10 of the sky is obscured by fog or 
ground fog. Report only the letter that represents 
the form rather than the character of weather. For 
example, rainshowers are entered as "R" rather 
than "RW." When two elements contribute to- 
gether to hide sky, combine them in a single 
amount, such as HF5. 

2-46. When the obscuring phenomena are aloft 
rather than surface based, you must report the 
height and sky cover symbol with the type. For ex- 
ample, enter a scattered layer of smoke at 5,000 
feet as K50® (sjcy cover symbol from column 3). 
To enter this remark, you need to have a corre- 
sponding height and sky cover symbol in column ' 
3. Whenever the obscuring phenomena aloft do 
not cover 0.1 of the $ky at and below that layer, 
you cannot make this remark. You could, how- 
ever, enter a remark similar to the 0/10 remark. 

2- 47. Following the sky condition entries on 
the AWS Form 10 is another important element of 
your observation— visibility. Before proceeding 
with the next section, refer to your workbook and 
answer the chapter review exercises foi)|Sectron li 

Visibility 

3- 1. Visibility, as vkll as ceiling heigfit!,43s in , 
decisions involving air traffic control. Foftm rea- 
son, the observation of visibility must ^ be timely. 
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accurate, and representative If the .itmc:>phere 
were uniformly, affected by olis ^'ling elements, a 
single visual dis,tance would representative of 
each atmospheric condition. H</wever. since fog, 
precipitation, and dust usually vary in thickness 
within short distances, the Air Force uses four 
types of visibility to present a representative pic- 
ture — (1) prevailing visibility, (2) runway visibil- 
ity, (3) sector visibility, and (4) runway visual 
range. 

3-2. Types of Visibility. Each type of visibility 
fulfills a specific need of a representative observa- 
tion. Prevailing and sector visibility refer mainly to 
meteorological visibility. Runway visibility and 
runway visual range fulfill visibility requirements 
along the active runway. These are not precise def- 
initions but illustrate the specific purpose that eacn 



class of visibility fulfills. Now, let's 'examine each 
class separately. , , 

3-3. Prevailing visibility. Prevailing visibilit)' is 
the greatest distance that is common throughout 
half or more of the horizon circle that surrounds 
the -iMion and at which selected objects can be 
seen .liid idenufied. Prevailing visibility dees not 
have to occur in a contin.uous 180^ arc. V-^nou^ 
objects are selected as visibility markers to aid v^is- 
tance calculations in estaWishing the prevu'tine 
vibiMlity. 

3-4. Observing stations' maintain a visibility 
chart or list to identify objects suitable for visual 
sighting. Size and color are used to determine the 
objects suitable for visual sighting. Unfortunately, 
objects that meet ^ize and col<3r requirements are 
not always present in ever>' direction. When this is 



Table 5 
Reportable VisiaiLrrv Values (Miles) 



Increments gf Separation (Miles) 




1/16 


1/8 


1/4 


1/2 


] 


L 


5 


0 


3/8 


1 1/4 


' 2 


2 1/2 




3 


10 


15 


1/16 


1/2 


1 3.'8 


2 1/4 


3 




4 


11 


20 


1/8 




• 1/2 


2 1/2 






5 


12 


25 


3/r6 


3/i- 


1 5/8 








6 




30 


1/4 • 


7/8 


1 3/4 








7 




35 


5/16 


1 


1 7/8 








8 


15 


40 


3/8 


1 1/8 


2 








9 




etc. 

1 



NOTES: 1. Statute miles at land stations; nautical miles on navy 

ships and ocean-station vessels. When the visibility is 
halfway between consecuti\e tabular values, select the 
lower value, . . » 

2. When the prevaililig visibility is more than 7 miles and 
is also estimated to be more than twice the distance to 
the farthest marker visible, code the visibility as twice • 
the' distance to that marker, rounded- to the nearest 
reportable value, and add a "+". 

3. Suffix a '.'V, " for%ariable, to the average of all observed 
values, whenever the prevailing visibility: , 

a. is less than 3 miles, and ^ 
' b. rapidly increases or decreases by one or more tabular 
values during the period of observation. 
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true, the station uses available objects?: The'typc of 
visibility aid and the information it contains are 
left to the discretion of each statioiL Ideally, ob- 
jects that can be readily identified^are selected. 
Dark objects make the best day markers. At night * 
the most suitable markers are unfocused lights of 
moderate intensity, not airway ^beacons whose light 
is focused and brilliant. To observe visibility ac^ 
curately, you must 'be aware of several problems. 

3-5. During ni§ht observation, for example, if 
you fail to permit your eyes to adapt to darknes^'s, 
your observation can be in error. When ice op 
frozen fS^'cipitation accumulates on lights, ''it 
.causes them to appear dimmer, even though there * 
is no reduction in visibility. The transition periods 
during sunrise and sunset complicate visual sight- ' 
ing. Visibility appears to change at these times be- 
. cause the angle of the sun's light reduces the 
^ sharpness of object outline and relief. Lights used 

for night visibility also grow dim from lack'fif con- 
trast. However, aside from the apparent changes in 
visibilit)' due to optical effects, some real changes 
occy during these transition periods. For one 
^ thing, the visibility is reduced at daWn because of 
^ the concentration of moisture or haze trapped 

ti^low a temperature inve/sion that formed during 
the night. Also, air pollu^nts (smoke, dust, in- 
•dustrial^allout) accumulate and reduce visibility 
at synsel^hen daytime heating effects subside and 
the lower air layers begin to settle. The observer 
faces other local and optical effects caused Hy hu- 
midity or cloudiness and snow-cove/ed ground, 
and they affect visibility judgment 

3-6. Often you will notice thaj/vjsibility mark- 
ers stand' out in bold relief and vmd color. No blur- 
ring or indistinctness exists. This indicates a visi- 
bility beyond the distance <jf the marker. When 
visibility appears greater than the mosts^distant 
marker, you may estimate the visibility biypndi 
Do not estimate visibilities beyond whiche^ x is 
greater— (a) 7 miles or (b) twice the djt^dnq^ to 
the most distant visibility marker. 

3-7. Visibility markers are used, 
the distance you -can see in statute (■ 
Jbut you cannot always report marker v 
^ 43revaijing visibility. A table of standard . 
w«v reportable values provides, uniform 
distances for visibility ^regardless of ma 
tartces.* In table 5, Reportable VisibiHt 

note the small increment between repc/ 

ues below 2 miles. Obviously, the more markers 
you have below 2 miles, the easier it is to judge 
visibility in bad weather. When a marker distance 
falls . halfway between t^^' reportabte values^ 
chooser the lower value for reporting. Otherwise, 
0.* select the -valuiaMrtdj^est to your marker distance. 
Note 2 of table J^xplains the use of " 4-\visihili- 
ties. To use a **-f ,y first you must estimatr\he vis- 
ibility tp be twice fte distance to your mos^distant 
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Figure 12. Sector visibility. 

visible marker. Then if your estimation is also 
more than 7 mil6s, the 4- is justified. Your estima- 
tion, of course, is based on the sharpness and clar- 
ity of the markers.' 

3-8. Sector visibility. Sector visibility actually 
becomes a part of determining prevailing visibility." 
Sector visibility ,points out a part of the horizon 
where the visibility is toiform. When observing 
visibility, divide the horfeort circle into as few or as 
many parts as you need to separate the different 
sector visibilities. Figure 12 illustrates a ^horizon 
that Is divided intg four unequal sectors. Each sec- 
tor presents uniform visibility within itself. For ex- 
saniple, from north through east you can see 7 
^^miles, east through south 8 miles, etc. These two 
Sectors,^ together give the prevailing visibility of 7 
miles, The number of sectors you need depends 
' upon the uniformity of the horizon visibility. 

3-9. Sector visibility sometimes requires an ex- 
planation or remark. Refer to figure 13 and deter- 
mine the prevailing visibility. The greatest distance 
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Figure J 3. Scctb^ visibil^fy. 
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* Figure 14. Sector visibility. 

seen throughout the western half of the circle is 4 
miles, the prevailing visibility. Imagine a pilot's 
surprise if he approaches the field from the east. 
The entire sector from northeast to southeast has a 
IVi mile visibility, This sector is significant be- 
cause of two criteria. First, sector visibility is re- 
ported when the sector visibility differs from the 
prevailing visibility, and second, when the sector 
has a visibility of less than 3 miles. 

3-iO. There is one more point that you need to 
eepsider concerning the si^ificance of sector visi- 
bility. Suppose the sector visibility differs frOm 
prevailing visibility but is more than 3 miles. (See 
fig. 14.) Both criteria for reporting sect9r visibility 
are not met,- but the difference is operationally sig- 
nificant. Operational significance is a legitimate 
reason for entering a remark ofi)a sector visibility. 
Otherwise, with a prevailing visibility of 7 or more 
miles, no hint of an obstruction to vision is cbh- 
tained in the observation. Suppose there is a 
north-south active runway in figure H. The 4-mile 
visibility in the north will go urfnoticed unless you 
mak^ an operationally significant remark to alert 
the pilot of the visibility in that sector. Therefore, 
when a sector visibility of 3 miles or more differs 
from the prevailing visibility, and you consider the 
difference operationally significant, enter a sector 
visibility remaH^^AWS Form 10. 

3-11. Runway- visibility. Two specific ' terms 
jyppjy to the -general topic "Runway Visibility" — 
, nufway visibility (RW) and runway visual range 
^'(RVR). Xhe major difference between the'two is 
in reporting procedures. Before defiiiing runway , 
visibility in general, let's investigate wl^ it is re- 
ported'. 

3-12. As you recall,, prevailing visibility is 
based on^the visual sigl^ting of markers or unfo- 
cused lights of moderate intensity and gives a vis- 
ual distance t^at is common toltajf of the horizon. 
Suppose the runway lies |n a pos^itiop where the 



visibility is quite different from the prevailing visi- 
bility. Even when sector visibility is reported, the 
sector where the runway is located might stiU be 
excluded. Runway visibility eliminates the possi- 
bility of this omission. Also, during a landing in 
poor visibility or at night, the pilot wants to know • 
how far>away he can see the high-intensity runway 
lights rather than the lights of moderate intensity 
that are used to obtain the prevailing visibility. In 
genera^, runway visibility represents the horizontal 
distance down the runway. 

3-13. At stations equipped' with high-intensity 
runway lights (fflRL), runway visibility is based 
on the current HIRL setting. You may derive thtf^ 
visibility value from the transmissometer reading 
or by visual sighting. The corrected transmissome- 
ter reading is converted to a runway visibility. 
Conversion tables provide day or night conversion 
with or without the HIRL operatmg. Table 6 com- 
bines excerpts from three separate conversion ta- 
bles. 'When you must make a visual sighting, stand 
at the threshold edge of the in-use runway and 
count runway lights or known check points. Your 
station should have a chart for converting your 
count into re portable runway visibility values. 

3-14. Report runway visibility when prevailing 
or runway visibility is 1 mile or^es^. Continue to 
report runway visibility in observations until the 
criteria above ho longer exist. Your station takes 
observations of either runway visibility or runway 
visual range. Normally, runway visibility is not re- 
ported when runway visual range minimums are 
established at the station. However, an immediate 
operational neoi could make an exception to this 
normal practice. 

3-15. Runway visual range. The second specific 
term applying to visibility along the runway, is 
called runway visual range (RVR). Observation 
of RVR includes both the current limway light set- 
tling in use and the highest setting available for re- 
porting purposes. Observe the current light s^ing 
as a 1 -minute mean value and the highest setting 
as a 10-minute mean value. The 1-minute value is . 
locally^seminated and the 10-min\ite values'*goes 
lon^lip^RV^R is the njajimum distance seen\ 
dowrfythe Funw/iy from a pmni above center line at j 
eyeJei^el to a ffilot at toucjj^down. 7 . 

3-16. Begin reporting RVR longline when thd 
prevailing visibility reaches 1 mile or less or th^, 
highest RVR value for the runway in use is 6,000\^ 
feet or less. Also, special and local observations 
must be taken when certain established^minima 
arc reached. ' ■ . ^ ^ 

3-17. As an observer, you .shoiWd acquaint 
yourself with the RVR minima for all RVR run- 
ways. Make frequent observations of the readout 
when the visibility approaches the minima. Then 
when criteria are first met, you can make the ^ 
proper local and longline dissemination. 
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Tablb , , * 
Runway Visibilhy Conveision • 



TABLB A3-9A (Af) TRWiSMISSCMETER aUJIVAY VI^IIJIY CQNVE8SICK 'iABli" 
(^>Foot Bagellne) 



Diy Corrected Transmlgaivity VAlue (Percent) 



IS 3 



Frott 




FrcQ 


To 


.000 


.065 


.000 


.023 


.086 


.164 


.02^* 


.069 



L5 k 



To 




RW 
(statute 
MUes) 



1/8 
/16. 



M '"greater than one aUe." three-slxteentha aUe" and V 



XAH^ A3-9B (AF) XaUSMISSCWEraH RUNWAY VISIBILIX?>0NVERSICK TABlT 
(500-Foot Baaeline^ 



Night Corrected Transnlsalvity Value (Percent) 



IS 3 



From 
.000 

-013 



.026 



To 
.012 

.027 



'071 



RW 
(statute 
MUes) 





a» "greater than one »Ue!" one-quarter »lle" a„<i 




Day qprrected 
^Trananiislvityf Value 
" (Percent) 



*Runvay Visibility 
(Statute MUei) 




Night Corrected 
TransBiasivity Value 
(Percent) 



5: S^bti'r^^Si^ 'r-^^' °^ inoperative, 

^erore entering Sq^^xTSr:S^S„L\\:iT::^:i!'^ -"^^"^ , 



3-18. Visibmty Entries and Remarks. Visibility 
data falls into two classes-^-colunin 4 entries and 
column 13 (AWSForm 10) remarks. Column 4 is 
used for the prevailing visibility entry. At land sta- 
tions, prevailing visibility is reported in statute 
miles, ^d you use the reportable values listed in 
table 5.' The column 4 entry represents the prevail 
ing ground .4evel visibility taken at the obsarver's 
natural height from as many established observa- 
tion' points as hecessary to view all markers. The 
only other entry in column 4 is made when there is 
a variable visibilitj^In this case, the letter "V" is 
affixed to the prevSing visibility entry to give an 
entry such as "1 54 V/' All other entries relating to 
prevailing visibility go in column 13. 

3-19. Variable visibility. Note 3 of table 5 out- 
lines rules for reporting rapidly changing prevail- 
ing 'visibility at the o|?servation time. When you 
take a visual sighting on markers less than 3 miles 
away and the markers seem to appear and disap- 
pear ahemately indicating an increasing and -de- 
creasing visibility, don!t panic. Decide whether the 
visibility varies by one or more reportable values. 
At the same time,, note all of your observed values, 
average them, and if your average is less than a r^- 
]?eFtabfe-value of 3 miles, report the visibility as ^ 
variable. This simply means that you place the av- 
erage value in column 4 and affix a "V" to it. This 
average value, of course, represents the prevailing 
visibility that is common throughout half or more 
of the horizon circle. • * . 

3-20. The contraction "VSBY" identifies col- 
umn 1 3 remarks that pertain to visibility. The col- 
umn 13 variable visibility remark explains the 
range of the variable visiMity. Remember that 
when visibility is variable. The prevailing visibility 
entry an average. Therefore, the column 13 re- 
mark defines the high and low visibility observed. 
For example, a remark of "VSBY 1 V2" means the 
visibility is varying between 1 and 2 miles. The re- 
portable visibility values used in column 13 re- 
.marks are entered jn accordance with table 5. 

3-21. Occasionally, prevailing visibility is also 
taken by control' tower ipersonnel at- a level other 
than the official point of observation. Regardless 
of this, coliJhin 4 always reflects tlie official p'oint 
of observation visibility. However a-, remark in 
column 13 can define the visibility from other^l^v- 
els when they are significant. Significant, irt'this 
case, means a visibility of 4 miles or less and dif- 
ferent from the column 4 prevailing visibility. The 
remark identifier the , different level visibility by a 
standard contraction, such as TWH- ySBY 2 
(to'^er visibility 2 miles). 

3-22. Sector remarks, y/hen sector visibility re- 
porting requirements as previously discussed are 
'met. the sector visibility remzrrks are entered in 
column 13. Sector remarks define direction and 
ihc'visibinty in the sector, such as VSBY E P/i, as 
, shown in figure 13. Eight compass points ar;c used 



to identify sector directron: N. NE, E, SE, S. SW, 
W, and NW. Intermediate directions (NNE) can 
also be used if ncccssar)', although most directions 
can be described by the eight compass points 
When mope than one sect* needs reporting, list 
the sectors in clockwise direction. 

3-23. All the column 13 remarks relating to 
prevailing visibility fall in a lower priority than re- 
marks for runway visibility. The high priority in 
order of entry given to runway visibility reveals its 
importance. 

3-24. Coding runway visibilities. The standard 
contraction' "RW" identifies runway visibility, 
specifically. "Routine transmission of ^RW over 
weather teletype net>vorks is not, authorized. There- 
.fore, the RVV entry is enclosed in parentheses to 
indicate local dissemination orfly. A typical RW 
entry includes this listed information: 
% Runway number Calso includes runway des- 
ignator "R" for right, "L" for left,*or "C" for 
center). 

• Visibility in reportable increments of statute 
miles, or "NO" for data required, btit una- 
vailable. 

Sample RW remarks appear as follows: 

(R27LW5/I6) • 
>(R09Wl/4) 
(RI7W3/16-) 
(RI8VVN0) 

Notice in each ca'se the W separates the actual 
visibility from other information. Also the value 
3/l6-indicates visibilk/Tess than 3/16 mile. 

3-25. Entries for iWRnnclude the same data as 
included witfi RVV. namely, runway number, des- 
ignator and visibility. The reportable increments, 
however, are in hundreds of feet. For longline 
transmission, the 10-minute RVR entry follpws 
the format R27CVR22 or perhaps R27VRNO. 
The 1 -minute RVR entry differs from the 10-rain- 
ute in several respects. 

3-26. First, the IM indicator flags the>minute 
data. Second, two 1 -minute values are included in 
dissemination — one value for touchdown RVR, a 
second value for rollout RVR4 Use V slant (/) to 
separate touchdown from rollout. Third, the 1- 
minute RVR is enclosed in parentheses because it 
receives local diss^ination only. In other re- 
spects, the 1- and 10-minutc RVR formats are 
identical. A sample 1 -minute RVR entry is illus- 
trated as tMR27VR8/10. In the illustration, - 
touchdown R^R equals 800 feet and rollout RVR 
equals 1,000 feet. • ' . 

p-27. Briefly summarizing the role of visibility 
within the observing job. prcvailingVisibiliiy sup- 
ports the gathering of climatological data, forecast- 
ing, and to some extent air traffic operatjo^i. Pre- 
vailing visibility collection and reporting depends 



primarily upon visual sighting of specific markers. 
Through wise use' of sup'porting remarks to de- 
scribe variability and specific sectors, the prevail- 
ing visibility fulfills its part of the totol visibility 
role. Rimway visibility supports air traffic opera- 
tion by filling in the gaps where prevailing visibil- 
ity is weak. Before you begin the study of some of 
the weather elements that affect visibility, refer to 
the review exercises \^ the workbook and answer 
the items for Section 3". 

4, Weather and Obstructions to Vision 

4-1. To this point, you have seen how the pri- 
mary users, pilots and forecasters,, can use the sky 
- condition and visibility entries to make decisions. 
Weather and obstruction-to-vision entries on Form 
10 are not only a continuation of this, discussion 
» but are directly related to sky condition and visi- 
bility. The ^tter, visibility, is' determined by the 
type of weather or obstruction to vision that is pres- 
c^nt. By knowing the type -of phenomenon that is 
restricting visibility, the forecaster can make a bet- 
ter prediction of the future statiis of the visibility. 
The pilot uses this ]?ame information to determine 
what impact, if any, the weather phenomena will 
have on his operations. For instance, correctly re- 
porting freezing precipitation is of utmost coiTcem 
to the pilot. His aircraft could easily develop aero- 
dynamic problems from icing because of this 
weather^phenomenon. 

4-2. Meteorologists use the type of weather and 
obstruction to vision in conjunction with othey^e- 
ports and data. By plotting this data on a 
chart, they can correlate the weather phenomena 
with radar ^information, pilot' reports, and other 
surface weather observations. This type of fore- 
casting service which the duty'forecaster provides 
at your station and which the forecast centers pro- 
v\de,,tnahl^military and civilian agencies alike 4o 
receive prompt notification of diminishing or im- 
proving weather*conditions. 

4-3. Volume 1 of this course provided the nec- 
essary knowledge of the meteorological processes 
that produce weather -and oTjstructions to vision. 
This section discusses mOre specifically the way to- 
recognize each weather phenomenon and the way- * 
to correctly encode it in your surface weather ob- 
servation. 

4-4. Storm Phenomena, Though the term 
"weather" is often used in a broad sen^ in ob-* * 
serving circfes it 'refers specifically to atmospheric 
phenomena that are the bgsrs for the entry' in col- 
umn 5. of AWS Form 10. Hurricanes usually gen- 
erate in the Atlantic Ocean, and tornadoes are a 
phenomenon that occurs more often in the United 
States than in the rest of the worid. 

4-5. Hurricane. A hurricane is a special weather 
phenomenon distinguished from the others by its 
comparative size. This storm encompasses^ so vast 
an area that its presence is obvious and„therefore» 



. IS not reported as such on the Form 10. All the 
clouds, precipitation, and jyinds associated with 
hurricanes are reportable as individual elements. 

4-6. Tornado, funnel cloud, and waterspout. 
Tornadoes, waterspouts, and funnel clouds are 
weather phenomena that occur in areas where in- 
tense thunderstorm activity is possible'. However,* 
they may or may not occur in s.onjunctlon with 
thunderstorms. In any case, they stem from the 
same cloud form— the cumulonimbus. This cloud 
spawns the frontal and airmass thunderstorms 
(discussed in Volume 1), which are usually char- 
acterized by, thunder, li^tning,' strong wind gusts, 
heavy rain showers, and sometimes hail. Under 
certain conditions, the potentially destructive en- 
ergy produced within a cumulonimbus mass is re- 
^ Jeased in the form of a whirling vortex beneath the 
cloud. -When the whirling vortex does not reach 
the grolAd, it is called isL funnel cloud; when the 
vortex, with its low pressure and tremendous 
wind^, touches the ground, it is called a tornado. 
VVhcn the vortex descends to the surface over 
water rather than over land, it is called a water- 
spout. 

4-7. The. distinguishing feature of a tornado, 
funnel cloud, or waterspout is a funnel-shaped ap- 
pendage that hangs from the base of the cloud. 
Sometimes thimderstorras are in progress at the 
time a funnel descends, and precipitation prevents 
easy detection of the funneJ cloud or tornado. De- 
pending on the distance from ihe point of observa- 
. tion, funnel cloud or tornado identification ranges 
from- the obvious to the doubtful. For example, the 
ragged appearance of a cumulus fractus cloud, as- 
sociated with bad weather may suggest a funnel- 
shaped appendage.x Since these cloud elements 
. usually change rapidly, dose observation for a 
short time usually resolves the question of whether 
or not a funnel actually exists. Your judgment, 
based on the best information available, is the key 
ingredient. 

4-8. Thunderstorm. Thunderstorm activity, 
though not as serious as tornadoes, presents many 
hazards to flight operations. For observing 'pur- 
^ poses, a thimderstorm is present when: 

a. Thunder ha^ been heard within the last 15 
minutes. 

b. Overhead lightning or hail was observed 
within the past 15 minutes ^nd the local ' 
noise level prevents you from hearing thun- 
der. ^ 

4-9. A thunderstorm entered on Form 10 is' 
classified .as an ordinary thunderstorm (T) or a 
severe thunderstorm (T-f ). This determination is 
made over a 15-minute interval according to these 
guidelines: 

T Thunderstorm— wind gusts less than 50 
• knots and hail, if any, less th'^ % inch in 
diameter. 
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T+ Severe .thunderstorm — wind gusts of 50 
knots or 'i^cater, hailstones % inch or 
longer in diameter. 

4-10. Once you have- identified ttiq. pt9%^0: 
and type of thunderstorm; you need to dettonine 
the following information for entiy in column 13: 

a. TH^ location of the sterm(s) with respect to 
the station. 

b. The direction ^owatd which the storm(s) is 
moving: omit if unknown. 

c. Whether lighting is occurring from cloud to 
cloud,, cloud to ground, cloud to air, or 
within the^clouds. 

4*11. Precipitation Forms- Precipitation falls in 
many fdrms. Generally speaking the various types 
are classified into three main categories: 

• Liquid (rain and drizzle) 

• Freezing 
Solid 

' * • 
^4^12. Liquid precipitation (rain and drizzle). 
Rai/ and drizzle are the only two forms of liquid 
precipitation. Rain is distinguished from drizzle by 
the size of the water droplet (particle) and the 

• spacing between droplets. Rain droplets have a di- 
ameter usually greater than .02 inch, whereas driz- 
zle has a droplet size less than .02 inch. The dnz- 
zle droplets are very close to each other and 
appear to'float with the air currents. Drizzle usually 
falls from low stratii$ clouds and is frequently ac- 
companied by low visibility aAd fog. ^ 

4-13. Freezing precipitation. Freezing precipi- 
tation is liquid pr^ipitation that falls and freezes 
upon impact with the ground or objects on the 
ground. Usually, freezing precipitation is caused 
by supercooled -tvatsr particles, but i^ may occur 
.when the surface is cold enough to freeze water 
particles that are near freezing. When water parti- 
cles do freeze upon impact with objects on the 
ground or with the ground itself, classify the pre- 
cipitation as either freezing drizzle or free^n^ rain. 

. ' When precipitation is already in the solid state^ it 
is classified according to its' appearance and char- 
acter. 

4-14. Solid precipitation. For obse^mg pur- 
poses, solid precipitation i^ classified into the fol- 
. bwing precipitation forms: 

• Ice pellets 

• m ■ 

« Snow 

« Snow pellets / ' 

- • Snow grains * 

« Ice crystals 



4-15. Ice pellets. Ice pellets are either transpar- 
ent or transluccnt.particles of ice which are round 
or irregular in sha'pe (rarely conical) and have a 
diameter of 0.2 inch or less. Ice pellets are formed 



by two different processes. If co«««m£«<5- precipita- 
tion (such as i-ain or melted snowflakes) freezes, 
the result is a transparent ice pcUet (formerly 
called sleet). Ice pellets are also classified as such 
- 'when snow grains become encased. in a thin layer 
*of ice. This, occurs, when; a snow pellet "begins to 
''melt and' tefreJ^zes,-' or 4t may also occur when 
snbw pellets come in contact with water dropj^., 
while falling! In this ca^e the water free?^S;%OT 
ducing a thin layer of ice around the snoW- pellet. • 

■ Ice j>ellets usually rebound, when stnkmg hard 

■ ground and make a sound on impact. ^ 
f 4-16. Hail. Hail is distinguished from the other 
V~^olid precipitation by its irregular shape and gener- 

' ally large size. Hail falls almost exclusively from . 

strong convective clouds (cumulonimbus) which 
• are usually accompanied by thunder. Some hail- 
stones" consist of alternately opacjue (snowflakes) 
, and clear.layers, which are formed by the strong 
up and down-drafts within the cloud. On occasion, 
hailstones coalesce (a uniting of elements) and fall * 
together in lumps. When.fiaU falls at the station, . 
YOU must determine the size of the largest haU- 
stone that is readUy available. Hail seldom occurs 
when surface .temperatures, are near or below 

freezing. / • 

4-17. Snow. Snow 'is solid precipitaUon m the 
form of branches, often hexagonal (sijc-pointed). 
Snow crystals must be formed beyond the crystal-, 
' line stage (earliest stagfe of development). Since 
there are numerous shapes and sizes of snowflakes 
and snow crystals, the best .guide to use deter - 
mining snow is to look for "branchmg m the 
•snowflake. If no branching is evident, it is- another 
form of solid precipitation. 
. 4^18. Sno w pellets. Snow pellets gre Nvhite, 
opaque nalns of ice," resembling snow crystals^ 
The primary difference between snow pellets and 
snow is the spherical or sometimes conical form ot 
the snow pellets. Snow pellets are brittle and com- 
press easily. When they strike har0 sUrfaCes, they 
bounce and often break up. When conditions arft 
right, snow pellets serve as the nuclei for Jiad de- 
velopment. Snow peflets form almost exclusiyely in 
convective clouds which produce showery precipi- 
tation. • ■ , 
'4-19 Sn ow grains. Snow -grains are very small, 
. white, oplq^i^mHTof ice, simUarin struct^^^ 
snow crystals. The primary difference is the small- 
ness of each element arid the fairly, flat or elonr 
gated shape of the snow grains in comparison to 
snow crystals (snow). They do not bi^st or shatter 
wheiv they, strike hard surfaces. -Snow grams 
, -usually fall in small quantities mostly from stratus^ 
■ clouds^ ' . : }. 
4-20 I ce crystals. Ice cr>'stals are unbranched. 
in the fo'rm of needles, colunms, or plates. They 
are often so tiny that, they seem almost to be sus- 
pended in the air. Ice crystals fall from a cloud or 
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from a clear sky. They are usually transparent and 
often pyramidal in form. When the ice crystal" de- 
vclopmpnt is clear-cut and prismlike, they often 
exhibit optical effects, such 'as halo phenomena 
ond scintillation (sparking or twinkling) in sun- 
light or beams of lights./This type of solid precipi- 
'tation is very rare and is seldom observed 'at in- 
tensides other than very light. The key identifying 

' features of ice cr>'stals are the slow rate of fall, the 
smallness of size, and the optical effects they pro- 
duce. Once you are familiar with the identifying 

^ features of each type of precipitation, you need to 
be able ^ determine the character of each precipi- 
tation form. 

* 4-21. ^Character of Precipitation. Knowing the 
type of precipitation that is associated with low 
ceilings and vbibilities is undoubtedly of great 
benefit to boTh the pilot and forecaster. This infor- 
y^^mation is made even mdre meaningful when the 
character of the precipitation is added. The pilot is 
very interested in. knowing the presence of rain- 
showers rather than rain, because rainshowers tell 
him to expect a greater fluctuation in visibility as 
^ he lands or takes off from the airbase. The deci- 
. sion of whether the precipitation is showery or' 
continuous is determined by the oBserver's judg- 
ment based on experience 'and established guide- 

• lines. Precipitation' character is based upon es- 
tablished criteria. The character of ' precipitation 

* b divided into four categories: 

• Continuous 

• Intermittent 

* • Showery 

• Combinations ^ 

4-22. Continuous. Continuous precipitation in- 
creases or decreases gradually m intensity, if at all. 



Precipitation of this character is usually associated 
with stratiform cloud types such as, altostratus, 
nimbostratus, and stratus. 

4-23. Intermittent. Intermittent precipitation 
also increases or decreases gradually in intensity. 
However, to be blassified as intermittent, the pre- 
cipitation must stop and start at least once within 
the hour preceding the Qbservat3on.jrhis character 
of precipitation is used with precipitation types not 
classified as showery and is indicated by a remark 
in column 13 (for example, INTMTR-). 

4-24. Showery, Showery precipitation changes 
intensity rapidly, or the shower begins and ends 
abruptly. Swelling cumulus and cumulonimbus 
clouds produce showery precipitation. When show- 
ers have ended at the observation site (ROS) but 
are still in progress near the station, this can be in- 
dicated by entering an appropriate remark on 
Form 10. 

4-25. Combinations, Combinations of showers 
and continuous or intermittent precipitation can 
occur at the same time. This is not unusual with 
frontal passages. Once the character of liquid, 
freezing, or solid precipitation is detenninedrth& - 
intensity of the precipitation form is determined 
and the appropriate symbol is added to the obser- 
vation. 

4-26. Intensity of Precipitation. With the ex- 
ception of hail and ice crystals, each precipitation 
form is suffixed mih an intensity*" symbol. The 

symbol is " " for very light intensity, for 

light intensity, an omission (no symbol) for mod- 
erate intensity, and " + " for heavy intensity. 

4-27. Determine the intensity of precipitation 
from established standards, such as FMH-1. It 
provides tables which can be used to determine in- 
tensities. Tables 7, 8, 9, and 10 afe reproductions 



V 

ERIC 



. Table 7 

OF PRECIPrTATION (OTHER THAN DRIZZLE) ON RaTE-OF-FaLL BaSIS 


Very Light 


i Scat'tered drops or flakes that do not completely wet 
or cover an^ exposed surface, regardless of duration. 




Trace, to O.IX)' inch per hour; maxLmum 0.01 inch in 
i 6 mintites. 

, i ^ 
— * y i_ ^ 


Moderate ^ 


0.11 inch to 0.30 inch per hourj More than 0.01 inch 
^ tx) 0.03 inch in 6 minutes. 

r ' ■ 


iHeavy. 

i 


7fore than 0.30 inch per hour^ more than 0.03* inch in 
6 minute's. ^ ' • . * 




. ... ■ * 29 . ' • - . : . 

' * ^ *» • 
• / 



Table 8 

Intensity of Djuzzl& on Rate-of-FaLl Basis 



Very light 



•'Scatfered drops that do not completely wet an exposed, 
surface, regardless of duration. 



Idght 



Trace to 0.01 inch per houi;. 



Moderate 



More than 0.01 inch to 0-02 inch per hour- 



Heavy 



More than 0.02 inch per hour. 



^ot.: --men precipitation e<,«al. or e.oe,d= O.OU ^ch per hour, the precipitation 
is usually raiii. 



of these tables. Note that tables 7 and 9 are used . 
for precipitation other than drizzle, and tables 8 
and 10 are used for drizzle. Tables 7 and 10 are 
also used to determine the intensity of snowfall. To 
improve vour judgment in determining intensity of 



precipitation, observe the precipitation over a pe- 
riod of time, Frequently, the total precipitaUon 
(water equivalent) for the day is not supported by 
the intensities that the observer reports for precipi- 
tation during the day. For example, suppose an 



Very light 



Table 9 

Guides for Approximating Intensity of Rain 



Scattered drops that do not completely wet air exposed 
surface,- regardless of duration. 



Light - 



Individual drops are easily identifiable; spray observed 
over pavements, roofs, etc., is slight; puddles fom 
very slowly; over 2 minutes may be required to wet , 
pavements and similarly diy surfaces; sound on roofs - 
ranges from slow pattering to gentle swishing; steady , 
small streams may flow in gutters and downspouts. 



Moderate 



Individual drops are not clearly identifiable; spray is 
observable just above pavements and other hard surfaces, 
puddles form, rapidly;, downspouts on buildings to 
^ fun; sound on roofs range5from swishing to gentle ^ 
toar . 



Heavy 



Rain seemingly falls in sl*ets; individual drops ar-e 
not ident-LftabV; heavy spray to neight of several 
'incTies is observable over, hard surfaces; downspouts 
run more than h full; visibility is 2^^^*!^ ^Jf J^f'^ ? 
sound on -roofs resembles roli of drums or distinct roar. 
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Table 10 

iNTENSmr OF DWZZLE AM) SnOW WITH VlSOlUTY AS CrTTERION 



Very light - 



-Scattered droplets or flakes that do not completely cover 
or wet an exposed surface, regardless of duration. 



^eht Visibility 5/8 statute mile or more. 



Moderate - - 



-Visibility less than 5/8 statute, miles but not less than 
5/16 statute mile* 



Heavy 



-Visibility less than $/l6 statute mile- 



observer carries very light continuous precipitation 
interspersed with short periods of light precipita- 
tion for a 6-hour period, but his measurement a; 
the end of the 6-hour period exceeds 1 inch. Since 
an intensity of light for the entire 6-hour 'period 
Should yield less than 1 inch (based upon table 7), 
th^ intensities as carried by this observer are too 
light. Remember that precipitation that is very 
light in interfsity does not completely wet an ex- 
posed surface, regardless of its duration. A check 
of precipitation amounts for a 6-hour period and- 
for the day is a good indication of whether or not 
you are entering the correct intensities. 

4-28. Whenever more than one form of precipi- 
tation is^occun^ng simultaneously, tables 7 and 10 
provide the guide for determining intensity, pro- 
vided tha'ryou give proffer consideration to the rel- 
ative proportion of each, type Qf precipitation. If 
your station does not have a recording or totalizing 
gage, but has a standard rain.gage, use: 

a. Table 10 Jor drizzle on snow not occurring 
V simultaneously. 

b. Table 9 for rain. 

c. Table . 8 when drizzle occurs with obstruc- 
tions ^t6 yisipn, such as fag. 

d. '^able 7 and yoiir experience when snow oc- 
curs wi^h obstructions to vision. Obstructions to vi-, 
sion, as well as "weather;" arc also otgreat con- 
cern to the pifot and forecalter. ' 

4-29. Obs'tnictions fa Vision. This category in- 
cludes all other tyjtes of .atmospheric phenomena 
not considered "weather?* : Since visibility is af- ^ 
fectcd'^by obstruction-to-Vision phenomehar, the 
forecaster studies reports of the obstructions to vi- 
sion present at his station as well as reports from 
surroundhig stations. This data and his knowledge 
of the meteorological factors that influence 



changes to th^ obstructions to vision are important 
aids in fligtff t^perations and scheduling. Obstruc- 
tions to vision are not entered in column 5 of 
AWS^Form 10 unless they restrict the visibility to' 
less than 7 miles. However, those that you think 
are pperationally significant should be entered in 
the Remarks section. In fact> these remarks are 
encouraged^ Remember that when obsuiictions to 
vision cpver 0.1 or more of the sky, they are con- 
sidered as sky coverage ( -^X or pC). All obstruc- 
tions to vision are, classified as either a hydrom^- 
teor or lithometedr, 

4-30. Hydrometeors. A hydrometeor is an at- 
mospheric phenomenon that;consists of liquid or 
solid water^particles. When these particles are fall- 
^ ing, they are called precipitation./ When they are 
suspended in the atmosphere, they are called ob- 
structions to xision. For observing purposes, there 
are five hydrometeors that are considered obstruc- 
tions to vision: 
Fog. 

# Ground fog. 

• Blowing snow. 
^ • Ice fog. ^ 

^ • Blowing spray/ " • . * * 

4-31. Fdg is 9 suspension of small \vater drop- 
lets in the air, reducing horizontal visibility at the. 
earth's surface. Fog is distinguished from haze and 
other obstructions to vision by its dampness d^d 
grey appearance. Usually fog does not form or 
exist when the difference between the temperature 
and dewpoint is greater than 4 Fahrenheit degrees; 
however, it should be reported whenever it is ob- 
served. When temperatures are below freezing, the 
difference may ej^ceed 4 Fahrenheit ' degrees. 
Heavy fog sometimes produces rime or glaze on 
cold, exposed objects. For cla^isificatlon purposes, 



tht difference between fog and ground fog is that 
fog either extends to the base of the clouds or ^ 
hides at least 0.6 of the sky if jt does not reach to 
the base of the clouds. ' • 

4-32, Ground fog, on the other hand does not 
reach the base of the clouds and covers less than 
0.6 of the sky. Therefore, ground fog appears the 
same as fog but differs from fog by the amount of 
sky it covers and because it does not reach the 
base of theclouds. 

4-33. Blowing snow exists when the wind blows 
snov^to mo^rate heights. Blowing snow is closely 
related to drifting snow; the main difference is that 
blomng snow rfstficts visibility at eye level (^-^ 



feet) to Jess than 7 miles and drifting snow docs 
not. Therefore, drifting snow is not entered in col- 
umn 5 of AWS Form 10. 

' * 4-34. Ije fog is a rare form of fog, because it 
usually f^rms at temperatures below -20° F. Ice 
fbg does qot produce rime or glaze on cold objects; 
It consists of elements very similar to ic$_ crystals 
except that ice fog particles are suspended in the 
atmosphere. Ice fog produces optical -effects that 
are similar to, those produced by ice crystals, such 
as halo phenomena, lliminous vertical columns, or 
scintUlating effect. Ice fog can form at temperature 
and dew^int differences of 8 Fahrenheit degrees 
or more. ' ^ ^ ' 
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^ \ Syi^bols poR Weathrr CjCM iimn 5 




waterspout, and funnel cloxid are always written out in full. 


Symbol 


Type of Weather ' Symbol 


Type' of Weather 


T+ 


Severe Thuiiderstom IPW 


Ice Pellet Showers 


T 


-S — li \ 

Thuiiderstom ' S 


Snow. 



Rain 



SW 



Snow Showers 



m ' Rainshowers 



SP 



Snow Pellets 



L 


Drizzle 


SG . 


Snow Grains 




^ Freezing Rain 




Ice Crystals 




Freezing Drizzle 


A 


Hail ^ 


•IP 


. ,Ice Pellets 


* 


^ " ? 



>Suffix a to precipitation sym^ibl to indicate hea-^y i^ensity,^a for 

H^tensitV and for very light intensity. The absence of an intensity 

^it^cZs S^erate, LeptThat'no suffix is attached with "A" for haxl 
.or "ia"-for ice crystals, rSgardlese oY intensity. 
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Table 12 

SXMflOL3 FOR OimUCnONS TO VISION, COLUMK 5 



Symbol 


Type of Weather 


Symbol 


iype of Weather 


F . 


Fog 


IF 


Ice Fog 


GP 


Ground Fog 


H 


Haze ; 


6S 


Blowing Snow 


K 


' 2- 

Smoke 


BN 


Blowing Sand 


D 


Dust V> 


m 


Blowing Dust 


BT 


Blowing Spray 



nhJ^J.L^^^''^^^^ indicated for obstructions to vision^ rather 

obstructions ai^porbed in their onier of predominance. 



4-35. Blowing spray is reported only at sea sta- 
tions or stations near large bodies of water. To be 
reported, the spray, which is water droplets that 
are torn from the water by the wind, must restrict 
the horizontal visibility to less than 7 miles. Unless 
you are assigned to a station near a large body of 
water, you will never have to report this obstruc- 
tion to vision in your observation. All obstructions 
to vision are not caused by hydrometeors;-some 
are caused, by impurities in the atmosphere" and are' 
called lithometcors. 

4r36. Lithometcors. All obstructions to vision 
that do not have a water composition (hydrome- 
teor) and are not classified as *-*weather" are called 
lithometcors. They are classified into five separate 
types as follows^ . ^ ' ; 

.# Dust - , - 
- • Blowing dust 

Blowing sand . ^ , 

• Haze ' ' ' . \ 

Smoke • ^ / ' 

'4-:37. Dust is finely divided earthy malter that 
is uniformly distributed in the atmosphere. .You 
can distinguish it from o;her Ifthometeors by the 
tannish or greyish hue that it imparts to distant ob- 
jects. When dust is present, the sun's disk is pale 
and colorless, and a yellow tinge prevails through- 
o^the atmosphere. 



4-38. Blowing cjust is dust that the wind 'picks 
up from the surface and blows about in clouds or 
sheets. To be classified as blowing dust, it must re- 
strict the^sibility to less than 7 miles. Blowing 
dust sometimes obscures the entire sky. 

4-39. Blowing sand is reported when- the wmd 
picks up sand from the surface and blows it about 
in clouds or sheets. BloWng sand consists of larger 
particfes than blowing dust. Because of its heavier 
composition, the^ind does not carry blovying sand 
•as high or as far as it ^carries blowing dtisti^hen 
the winds are vecy strong, blowing sand easily re- 
stricts the visibility to less than Vi mile. 

"4-40. Haze is, suspended small, drj' particles, 
such as salt, dust, or pollen,- tHat are invisi&Ie to 
the^aked eye. In spite of the fineness of haze par- 
ticles, haze restricts visibility. Over the landscape, 
, haze rescm|>Jes a uniform 'veil .that subdues the 
natural colors, such as green trees alon^.the hori- 
zon. When, viewed against a dark background, 
such as a "mountain, haze produces a bluish tinge. 
It causes a ditty yellow or^-orarige tinge against^a 
bright background, such as the sun, clouds on the 
horizon, or snow-capped mountain peaks. When 
'the sun is well aboye the. horizon, its light some- 
times has a peculiar' silvery tinge because of haze. 
These color effects .distinguish haze from light fog, 
even when the thickness of the haze approaches 
that of light fog. Haze and smoke often occur to- 
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gether; ther^qrc, how^ is smoke different? How 
can you distinguish between the two?. 

4-41. Smoke is a very common obstruction to 
vision near large cities and industrial areas. It con- 
sists of fine ash particles produced by combustion. 
When it is viewed through smoke, the disk of the 
sun or a shinset appears very red. When the sun is 
above the horizon, it may have an orange tinge. 
Smoke at a distance or ia a layer is usually light 
greyish or bluish. When smoke is in heavier layers, 
it assumes the darker coloration associated with 
newly formed smoke and is easily identified. When 
you know the weather and obstructions to vision 
that are reported, you must consider the coneci 
method of entering them on AWS Form 10, 

4-42. Order of Entry for Weather and Obstruc- 
tions to Vision. Whenever weather or obstruction 
to vision are present at the time of an observation, 
you must enter the appropriate weather symbol in 
column 5 of Form 10. The concct order of entry 
should be: 

a. Tornado, fimnel cloud, or waterspout. 

b. Thunderstorm. * 

c. Liquid precipitation in order of decreasing 
intensity. 

d. Freezing precipitation ii^order of decreasing 
intensity. ^ 

e. Solid precipitation in order of decreasing in- 
* tensity. 

/. Obstructions to vision in order of decreasing 
predominance, if you can tell which is pjre- 
(dominant. ^ 

Table 1 1 shows the weather symbols that are used 
in column 5, and table 12 shows the symbols for 
obstructions to vision. Remember, to enter ob- 
structions to vision, you must have a prevailing 
visibility (column 4 entry) of less than 7 mtt^s. 
4-43. As indicated in table 11, tornado, water- 
" spout, or funnel cloud is always spelled out in full. 
This permits ready identification of thesV severe 
..leather phenomena. If there js not enough space' 
, . in column 5 for a one-line entry, use as many lines 
in column 5 as necessary and s|^ subsequent ob- 
, ' servations^on the next liac;"T[rere are several 
- .weather and obstruction-TO-vision eritnes-that' re- 
_r quire reniarks' in column^U of AWS Fofn; 10. 

' These arc explained in the J^^owing paragraphs. • 

^ 4-44. tfnfrics and Remarks for Weather (Col- 
' umn 13)r Significant remarks for weather and ob- 
structions to vision provide added mfornfiation fqj 
, the entires in columji 5. Some of these remarks 
provide additional information on severe 'weather 
types such as tornadoes, thunderstorms, and hail, 
to mention a few. These weather types present a 
constant threat to the public as well as to flying 
operations, ^{ovtt remarks on -severe weather alert 
pilots to its location, the direction it is moving, and 
other information that adds to the basic remark. 
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Though this is a discussion of only significant re- 
marks, you are encouraged to enter any remark 
that you think is operational. 

4-45. The following guidelines apply to all col- 
umn 13 remarks as well as thpse^or weather and 
obstructions to vision. 

a. Use accepted weather contractions when- 
ever possible. 1 

b. Spell out remarks that may be misinterpreted 
for other data ("SW"— Is this southwest or snow 
showers?). 

c. Enter directions of phenomena, using the 16 
points of the compass (N, NE, NNE, etc.). 

d. Enter a dash between the directions when 
the phenomenon extends from one point of the ho- 
rizon to another (NE-SE or N-NE). 

e. Enter additional direction referentcs in a 
clockwise direction when the phenomenon exceeds 
a 90"* gortion of the horizon circle (NW-NE-E or 
N-E-SSE). 

/. Enter distances to phenomena in nautical 
miles when known and appropriate. 
g. Enter all time references in GMT. 

•4-46. Tornado, Whenever a tornado, funnel 
•cloud, or waterspout is sighted by station person- 
nel enter the type, beginning time, direction from 
station, and direction toward which it is moving. 
Also enter the peak wind on each record observa- 
tion while tornadic activity is in progress. (Peak 
wind format — direction, speed, separated by a 
slant, and the tim e of occurrence in minutes past 
the hour.) The following are three .examples: 

TORNADO B53 W MOVG NE PK WND 27/85 58 
FUNNEL CLOUD B52 NW MOVG NE PK WND 
27/43 55 ■ 

WATERSPOUT B51 N MOVQ NE PK WND 29/35 54 

4-47. When the phenomenon ends or disap- 
pears from sight, enter tj^pe, time of ending, direc- 
tion ofTmovement, and 'peak wind. (Peak wind 
definition same as entered for beginning format.) 
Exai»pie\are shown as follows: 

( TORNADO E54MOVDNEPK WND 27/80 35. 
j ^FUNNJEL CLOUD E52 MOVD.NE PK WND 28/45 40 
'^ATERSPOUTE56MOVDEPKWND 30/37 51 ' 

4-48. When a special observation for beginning 
and/or ending of tornadic activity is not transmit- 
ted longline, enter' the beginning and/ or ending 
time ifl each subsequent special, record, or record 
special !obserVation until it is transmitted longline. 

4-49. When ..tornadic activity (tornado, funnel^ 
cloud, waterspout) is reported by the public as 
having occurred in the past 6 hours and has not 
been observed at the station or previously reported , 
by another source, you should report it in column?* 
13 of AWS Form 10. Enter source, or it unknown, 
enter ^^unconfirmed," location, direction of move- 



ment, and time it was observed in hours and min- 
utes. The following are two examples': 

STATE POLICE TORNADO 8W FWH MVG E 1930 
. UNCONHRMED FUNNEL CLOUD 20W CLL MVG 
EI920 

These sightings are usually made at locations other 
than your immediate station; therefore, include the 
nearest known reference ppint, which may be your 
station, to pinpoint the locatidn of the phenome- 
non. In the preceding examples, 8W FWH indi- 
cates 8. miles west of Fort Worth and 20W CLL 
. indicates 20 miles west of College Station, Texas. 
Thunderstorm activity is another form of severe- 
weather for which significant remarks should be 
entered whenever observed. 

4-50. Thunderstorm. Whenever a thunderstorm 
is in progress^ and when it ends, or disappears, a 
significant remark is required. For a thunderstorm 
in progress, enter the type (T or T + ), time of be- 
ginning, direction from station, and if known, the 
direction of movement for each center of activity. 
Also enter the peak wind on each record observa- 
tion while thunderstorm activity is" in progress. 
SomCj examples are: 



SomCj 

smitted Special Observation: T B26 NW MOVG 
SE 

Transmitted Record Observation: T NW MOVG SE 

PKWND 30/45 35 



4-51. In these examples, the thunderstorm re- 
mark without the beginning time indicates that the 
beginning time was transmitted over the longline. 
circuit, and no starting time was needed. The rule 
for this is: When a special observation for begin- 
ning and/or ending of thunderstorm activity is not 
transmitted longline, enter the beginning and/or 
ending^time in e&ch subsequent special, record, or 
record special observation until it is transmitted 
longline. 

4-52. When the phenomenon ends or disap- 
pears from sight, enter type (T or T + ), time of 
endmg, and direction of movement for each center 
of activity. These are examples : ^ 

Record Observation: T-f- E54 MOVD E PK WND 

30/45 37 

" Record Observation: TB3/Ey9 MOVD E PD WND 
32/38 40 

4-53. The above. remarks are typical examples ♦ 
of thunderstorm ending remarks. The first exam- 
ple shows a thunderstorm that has lasted more 
than hour, or the beginning time was transmitted 
on a previous special observation. The second ex- 
ample shows a thunderstorm of short duration that 
began and ended within the same' hour, and the 
beginning time did not. get a transmitted via long^ 
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line. Lightning is usually visible with most thunder- 
storm activity and should also be reported. 

4-54. Lightning (LTG), Lightning, though not 
considered as weather, is associated with thunder- 
• storms. Therefore, remarks about the frequency 
and type of lightning provide useful data to the 
forecaster. The frequency of discharges provides 
the forecaster with an indication of thunderstorm 
intensity, and the type of lightning alerts the fore- 
caster to other features of the storm system. For 
example, lightning discharges from one cloud to 
another reveal the presence of multiceU rather 
than single-cell activity. Lightning from cloud to 
ground indicates that the cloud has begun to pre- 
cipitate and the associated cumulonimbus cloud is 
probably in the advanced, stage of development. 

4-55. Lightning remarks are made with or 
without the presence of audible thunder. When a 
thunderstorm is present, lightning remarks are 
pldced after the associated thunderstorm remark in 
column 13. Each lightning remark should contain 
the frequency, type, and direction from the station. 
The following contractions are used for lightning 
remarks: v 

Frequency 

OCNL— Occasional 

FQT —Frequent \ 

TYPE 

IC — In-cloud 
CC — Cloud to cloud 
CG — Cloud to ground 
CA — Cloud to air 

The following exatnples show how these contrac- 
tions are used as remarks: 

. OCNLLTGICW 
fQTLTGCCCG N-E 
FQT LTGIC W-NW OCNL LTGCC E 

Whenever thunderstorms and lightning are pres- 
ent, hail is very possible, which requires a remark 
and is the next topic of discussion. 

4-56. Hail (A). Hail is another severe weather 
phenomenon that is associ^ed with thunderstorm 
activity. Large hail can cause extensive damage to 
aircraft structures. Therefore, the forecaster care- 
fully scans airways reports for hail activity in the 
area. When you observe hail at your station, 70U 
should 'include a remark with your observation. 
' 4^52, Hail is entered in column 13 usually fol- 
lowing your remarks concerning lightning. Include 
the tim^ of beginning and/or ending and diameter 
in mches^of the largest hailstone Hail is also a re- 
quirement for peak wind entries; however, the case 
of having-hail without a thunderstorm m progress, 
would- indeed be a rare- phenomenon. So for all 
practical purposes, you have -already determined' 
the requirement for pea)c wind from the thunder- 
/ . - 
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' storm criteria. The following are examples of hail 
entry remarks: 

AB35HLSTO I 1/4 
AB35E47 HLST02 
AE47HLSTOI 

The first example shows when the hail began 
{B35). The second example shows both the begin- 
ning and ending time since the beginning time has 
not previously been transmitted. The third shows 
only when the hail ended because the beginning 
time has previously been transmitted. 

4-58. Knowing which remarks to enter in col- 
umn 13 for hail, tornadoes, thunderstorms, and 
lightning greatly inpreases the usefulness of your 
observation. During periods of severe weather, all 
the elements of your observation change rapidly as 
the severe weather passes your station. If you have 



to research each remark to see how to enter it, the 
quality of^your work undoubtedly suffers and your 
observation may be outdated before it is transmit- 
ted. You can avoid this situation by being pre- 
pared for these sudden changes of weather. Pre- 
pare yourself by obtaining a briefing from the 
forecaster before your shift starts and.by revierwinf^ 
policies for weather phenomena that are peculiar 
to your location and the season. In addition to the 
significant remarks concerning severe weather 
phenomena, there are other remarks which lend 
meteorlogical significance to your observation. 
Some of these are discussed in the following para- 
graphs. 

4-59. Other significant remarks. Tabulated 
below are observed elements and conditions that 
require remarks, the guidelines for their entry, and 
some examples of typical entries. 



Observed 
Imcrmittcnt precipitation 



Showery precipitation (not 
reported in column 5) 



Wet snow 

Increase in snow depth 

Variation of precipitation 
intensity 

Precipitation at a distance 
but not at station 



Fog dissipating or inctea^ 
ing 

Smoke drifting oyer field 
Shallow grotand fog" ^ 



Drifting snow 



Dust devils 



Obscuring phenomena 
a distance from and not at ' 
the station. 

— i— . 



Guidelines for Reporting 

Enter character and intensity for all types of precipilaticfn 
classified as intermittent, occurring at observation time or 
within past 1 5 minutes. 

Enter character and intensity for all types of showery pre- 
cipitation occurring at observation time or within past J 5 
minutes: However, a remark is usually entered only if the 
precipitation has stopped and recommencement within 15 
minutes appears probable: 

Self-explanatory. 

Average snow depth increases by I inch or more during 
past, hour. 

When the intensity of continuous precipitation varie^s. 



Enter form and intensity of precipitation if known and direc- 
tion with respect to station. Use a "U" following precipita- 
tion symbols to indicate unioiown intensity. Use authorized 
abreviations or plain language as needed. 



Self-eX]^Ianatory. 



Self-explanatory. 

:When the ground fog depih is less than 6 feet dcepv Emtt 
shallow ground fog depth in feet,. ,^ .~ ^ 

When inow is drifting atid does not restrict the visibility 
.at eye level (6 feet above the surface). Omit if blowings 
-snow <BSXis reported. ' . ' . ^ 

Enter **dusi devils'* followed by direction from station. 

Enter type, description and direct{on from the station 



Typical Entry 

(intermittent 



INTMT R- 
light rain) 



OCNL RW- (occasional 
light rain shower) 



, WET SNOW 
SN0INCR2 ' 



R-OCNLY R (light rain . 
occasionally n\oderate) 

RU OVR RDG N (rain 
of unknown intensity over 
ridge to north) RWU W 
(rain showers of unknown 
intensity west) 

F DISIPTG 7or F* 
INCRG) 

K DRFTG OVR FLD' 
.SHLW GFDEP 4 *_ 



DRFTG OVR FLD 



" DUST DEVILS SW 
F BANK N-E;-S 



4-60. Different aimiasses, and weather systems 
create situations that require an entry of opera- 
tionally sjgnificant remarks in column 13. As you 
gain experienpcf^as an observer, jyou will increase 
yotir proficiency in entering remarks that add to 
the usefulness of your observation. To this point, 



yoii. have seen the way to record sky condition 
data, visibility, weather, and obstruction-to-vision 
data. Together^ these dat^pravide the basic infor-. 
mation necessary to make operational decisions. 
However, to make these entries more meanin^l, 
,the^;.^ust be combined with the other elements of 
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the observation to provide a complete weather 
summary which serves the needs of all ihlerested 
parties^. 

4 4-61. At this point, take a^break^and refer to 
^ the chapter review exercises in your workbook and 
answer the items for Section 4, 

S. Pfsswm 

S^^Thc first accurate pressure measuring de-' 
vice was invented in 1643 by an Italian scientist, 
named Torricelli. Torricelli found-that when he in- 
verted a long tube filled with mertury io that the 
. open end of the tube was immersed in a dish of 
mercury^ only a sniall amount of mercury would 
run out of the tube. Sufficieiy mercury would re- 
main in the tube to form a column approximately 
30 inches high. This elementary device, modified 
and refined over the. years, became the mercurial 
barometer that we krtow today. 

5-2. Other pressure ^measuring device^ such as 
the aneroid barometer, h%ve come into being since • 
Torricelli's era. Mos| modem barometers accu- 
rately measure atmospheric pressure within 0 005 
inch. of mercury. The mercurial barometer meas- 
ures pressure-to the nearest 0.001 inch of mercury.' 
Such accurate pressure readings are essential to 
the continping study of the atmosphere. The prime 
consideration for any major chart analysis that' the* 
. forecaster makes is the distribution of atmospheric ^ 
pressure. The forecaster knows that the intensifica- 
tion or weakening of low-pressure aFeas usually 
• causes pronounced changes in the weather. 

5-3. Types of Pressure Data, This discussion is 
based on three main pressure concepts. These con- 
cepts ^re sea-level pressure, altimeter jetting, and 
station pressure. JFirst. iheiorecaster needs a pres- 
sure value that he can use" in the analysis of 
weather systems and the prognosis of these 
weather systems (sea-level pressure). Second, the 
pilot must have a pressure value that provides him 
with a reliable indicatipn of his inflight altitude 
above sea>fvel (altimeter setting). Third, you 
must deteFmine a basic pressure value that is ujetj 
for the computation -of thc^other two operational 
I pressure values (station pressure). 

5-4. Your responsibility is to deriye^and record 
ihif inflation as pitrt of your.eb^emtion on 
AWS Form 10. This section, discusses- the observ- 
ing functions necessary to make these pressure en- 
tries. Barometric equipment is- discussed in Vol- 
unfie 1, Chapter 3, W^her Station Equipment. 

5-5. Atmospheric pressure is defined, as the 
pressure exerted by a column of air, of unit area, 
extended vertically from the reference surpice to ' 
Jhe top of the atmosphere, ^Figafe ^ 5 ij]jagtrates a 
. column Qf air that is. exerting {W^«ife^ a given 
location on the earth surface/^e. illustration 
shows the influeiicc that this s/r coluhin has on a 
cQluinn of mercury.. This mearureraefit of atmos- 
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»• Figure 15* Column of air and column of mercury. 

p^eric pressure is the basis for all pressure values 
regardless of yoUr location, the height above sea 
level, or the type of pressure measuring equip- 
ment. 

5-6. Atmospheric pressure is measured most 
. often in millibars or inches of merpifry. In AWS, 
sea-level pressure data is reported in millibars, but 
the pressure readings are talcen in inches of mer- 
. -cury. This height in inches of mercury should cor- 
respond exactly to*the weight of the column of air 
as illustrated in figureM5. 

5-7. Atmospheric pressure readings at 'AWS 
detachments are obtained from aneroid barom- 
eter^, mjcrobai;ographs. and mercurial barom- 
eters. Each of these instrumeijts has advantages 
and disadvantages; and an order or priority is es- 
tablished /or their use. ^' 

a. The aneroid barometer has first ^jriority for 
determining pressure readings, \t considered accu-. 
rate. , ^ • ' 

b. The fnicrobarograph is used .whenever the* 
aneroid barometer is judged ftiaccurate. 

c. The mercufial barometer 'is use'd onfy to de- 
termine thfe accuracy of the aneroid or: tO'establish * 
corrections for th^ microbarograph when the aner- 
oid is judged inaccurate. These weather instru- • 
ments are discussed in Volume 1, Chapter 3, 
Weather Statibn Equipment. At present we will 
consider the actual data derived from,atraospheric- 
pressure readings. 
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|A| STATION PRESSURE 
1016.0 mb 





ISEA LEVEL | 

30.39 Hg> '::>. 1029,0. mb is the pfessore used on the weother mop for st^jrion B ' 
figure 16. ^Conversion of station pressure to sea-leve! pressure. 
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5-8. Station pressure. Station pressure is the ap- 
tual atmospheric pressure at your station in inches, 
of mercury. Tl^ value, though not transmitted lo- 
cally or longlfiiei^ is the basis for determining other 
* pressure values. Mosf weather statipns locate their 
pressure measuring devices very close to the actual 
station elevation. For this reason> station pressure 
js usually the atipospheric pressure at the Assigned 
station elevation. 

5«9. When the aneroid barometer is considered 
accurate. >ou read station pressure to the nearest 
0.005 inch of mercury directly from the aneroid 
barometer. In many cases, this reading re^quires no 
correction. If the aneroid and mercurial barom- 
eters show that there is a difference (taken com- 
parison readings in accordance with FMH-1), 
enter a mean correction value on AWS Form"85, 
Sarometer Comparisons, and apply it to the aner- 
oid baromelfer reading. The chief observer usually 
posts this fomj on or'near the aneroid barometer. 
Station policy detefmihes ^^ha makes the compari- • 
son readings. Your, responsibility is to apply the 
correction to the station pr^ssure^ value before 
using it for other computations. , . 

5-10. When the aneroid barometeiis relocated 
or replaced by a new barometer, a new set of com- 
parison rel\dings is ' required as directed by 
FMH-'I. Aft^r these comparison readings ^are 
made, the* barometer can be used for pressure 
readings. 

5-11. During a period when/^the android bareib-^ 
eter i? being evaluated, of is considered irfaccurate, 
the microbarograph is used to^obtaiji station prcs- * 
sure. During this period, read the mercurial ba- 
rometer every 6* hours, and if required, enter a 
correction on Form 10, line 65. This: correction is 
applied to, all subsequent microbarograph readings 
until another correction is dbtamed from the mer- 
curial barometer. When this comparison reading * 
difference exceeds 0.05, Veset the microbarograph'* 
to the correct station pressure and ponsidei: the 
correction as zero for subsequent readings. When • 
you have determined (he station pressure by. using , 
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one of these pressure measuring devices, you can 
.compute the sea-levpl pressure. ' ' 

5-12. Sea-level pressure. The sea-level pJrcssure 
is the pressure at mean sea level (MSL) either di- 
rectly measured if>at sea level, or calculated if not 
at sea leVel. It is the reference leveffor all pressure 
values. Sea-level pressure is calculated from the 
station pressure, the 12-hour mean temperature^ 
and .the station elevation. ^ Sea-level pressure is 
plotted on surface maps so that there is a standard 
pressure level A standard pressure level is needed 
so tharatmOspherjc pr^sures from several stations 
fop one given tiryc can be compared. 

5-13. Referrmg to figure 16, you can^see that 
Station A, located at sea level, reports sea-level 
pressure that is the same value as the station pres- 
sure, 1016 mb^ Station B, located 3,000 feet above 
MSL, must compute* an equivalent sea-level pres- 
sure (SLP), thus converting a station pressure of 
928 mb to a SLP of 1029 tab. \ ^ 

»5-14. Station pressure is reduced to sea-level 
pressure by either of two methods. The most com- 
mon method is to i^e'the pressure reduction com-* 
puter (WBAN 54-7r8). The second method isio 
use prepared pressure reduction tajjDles. Both of 
these methods arc discussed jn Volume 1, Chapter. 
2, Meteorology and Mathepiatics. • 

5-15. Regardless of the metljod youAise to.ob- • 
tain sea-level pressure, the entry on Form 10 is re- 
f orteft' using tens, unit$, and tenths digits. For ex- 
ample, a pressure of 1027.9 mb is entered as ' 
"279" in column 6. This entry, like most entries 
on Form 10, \s prefixed with an "E'* when it is es- 
timated. Your computations ^ill enable the fore-- 
caster td compare the pressure at your sJtation with , 
other stati©n§. Thel^ pilot, ou the other hand, re- 
quires a pressure value more suited to his' nec'ds — 
the altimeter setting. ' % 

5-16. Altimeter setting. The pilot usually, ob- 
tains the -altimeter settings from your observatioa 
Consequently, each altimeter setting that you* in- 
clude with your qbservation should not only be ac- 
curate but must be representative of the existing' 



pressure conditions. Criteria for taking and /tis- 
seminaimg the altimeter setting are discussed later 
in Chapter 2; therefore', your primary concern a^ 
this' time is why and how to recford altimeter set- 
'jings. • . , 

5-17. The altimeter setting 4s a calculated sea- 
level pfjcssure m inches of mercury. The pilot uses 
it to adjlist the altimeter of his aircraft. After he 
sets the current altimeter setting into the altimeier. 
the altimeter indicate^ field elevation when the air- ' 
craft is parked on the runway. Don't confuse altim- 
. eler setting with sea-level pressure, since the altim- 
eter setting is determined by a correction based 
on the assumption that the hypothejic^ column of 
air between station elevation and sea level has the 
same temperature-pressure-height distribution as 
the U.S. Standard Atmosphere. Also each AWS 
station adds ,01 inch to the computed, altimeter 
setting to arrive at a value with reference to field 
^elevation. - • , ' . . . 

• 5-18. 'The altimeter in an aircraft is an aneroid 
• barometer, calibrated to indicate altitude instead 
of pressure. For example, it indicates 10,000 feet 
wl^en the ambient pressure is 20.58 inched, regard- 
less of whether or not the altitude is actually 
lAOOO feet When the altimeter is 'properiy ad- 
lusted for the current altimeter setting, the mdi- 
cated altitude corresponds to the equivalent pres- ' 
sure in the standard atmosphere, 

5419. 5y the^same token, a pilot flying from a 
high-pressure (warm) area \o a low-pressure 
(colc^ area * with a constant altimeter setting 
crank'ed into this altimeter finds that his true alti- 
tude v^es both above and belov^ the indicated al- 
titude, as shown in figure 17. For this reason, a 
pilot changes the setting of his altimeter according 



•to the altimeter setting changed that are sfipplied to 
him by controllers along his flight path. In this 
way he can use his altimeter to maintain a reason- 
ably trutf altitude. This helps to eliminate the haz- 
ard of flying into other ai^aft^ or. mountains be- 
cause of altimeter error. 

5-20. pic two ways to deterrobe altimeter set- 
^ tings are cohered in Volume 1. Chapter 2, Meteor- 
ology and Mathematics. You should already be, 
familiar with the procedures, but here is a quick 
review of the two methods. Altimeter settings are 
determined by; 

• Locallji prepared conversion tables. 

• Pressure reduction computer (WBAN 54- 
7-8). 

i . • 

A very important fact to remember is that\egard- 
' less which ^method you use the altimeter setting 
should be based on field elevation, \ 

5-21. Altimeter settings are recorded on AWS 
Form 10 in column 12, using ipits. tenths, and 
hundredths digits. For example^an altimeter set- 
ting .of 29.98 inches is. entered as "99*8.'' It is a" 
jare situation when the. altimeter setting drops 
below 29.00 inches; however* when it does, you 
need to prefix the value with the word **Low/' 

5-22. Pressure Entries and Remarks. Mcjst pres- 
sure entries on AWS Form lO' are made Iquickly 
and easily. When the aheroid. barometer is the pri- 
mary pressure measuring device, only three columns 
(6, ll,and 17)'on AWS form 10 are used for pres- 
sure in addition the Remarks column (column 
13*). When the microbar})graph is the primary 
pressure- measuring device, lines 59 through 65 of 
the AWS Form 10 are completed every 6 hours ia 
addition to the regular entries^ 



ALTIMETfjl READ^S CORRECTLY 



ALTIMETER 
READS HIGH 



THIS IS THE ALTITUDE 
WHICH IS INDICATED 



ALTIMETER READS LOW 




Figure 17. Flying from warm to cold air. 
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5-23!^ Pressure elements are normally deter- 
mined as close to the hour ^ possible. You should 
plan to evaluate and re<;ord all other elements of 
your obsferv.ation before you read the barometer. 
. In this way, each weather station 'makes pressure 
readings at nearly the same time, thereby increas- 
ing the usefulness of the prfessupc values. Station 
pressure, though not transmitted, is recorded in 
column 17 of AWS I^orm 10 once every 3, hours 
to the nearest 0.005 inch of mercury. ' 

5-24. Station pressure computation (columns 
17, and 59-^5), As indicated earlier, station pres- 
sure can be determined easily from the anerofd ba- 
. rometer. When you use the aneroid, jou'do'^/zo/ * 
(complete columns' 59 through '65. However, when 
the microbarograph is used as.the primary instru- 
ment, you must complete these columns. 

5-25r To make the discussion easier to* follow, 
•refer to foldout 4. The following entry rules apply ' 
' to columns 5^ throligh 65: 

a. Column 59 — the timcthe barometer is read. ' 

b. Column 60 — fhe terhperature (nearest 0.5° 
F from the attached thermometer. , 

.c. Column 61 — the barometer reading to the 
nearest Q.001 inch. * \ 

d. Column 62 — the total cprrectibn (correction 
card and temperature Correction) to the nearest. 

^ .O.OOTinch. ' ' 

e. Column 63 — the algebraic sum of columns 
61 andj62 (station pressure). 

|. Column 64 — the barograph reading to the 
nearest 0.005 indf. 

g. Column 65 — the difference between .the ba- 
rometer .and barograph reading (roundedMo. the - 
nearest 0.005 inch). 

5-26. If the column 64 entry^is greater than the 
column 6i ^ntry, the correction entered in column 
65 is prefixed by a minus sign; if less,- a plus sign. 
This entry is to the nearest 0.005 inch and is the 
barograph correction for the ne;;t 6-hour period. If 
the barograph is reset, place an asterisk before t'he'^ 
"zero^' correction and make a note in column 90 
(*barograph reset to zero correction at 141QLST). 

5-!Z7. As .you leariied earlier, all transmitted 
pres<:ure values that are entered on AWS Form ^0 
are based on a station pressure value that is 
rounded tcr the nearest 0.005 inch of mercury. At 
3-hourly intervals you eijter this pressure jn col- 
umn 17. Since so many other values are based on 
station pressure, make sure that you thoroughly, 
check your station pressure readings. You can spot 
check previous observations to see that the station 
pressure from column 63 \yas rounded off property. 
Other pressure entries on AWS Form 10 are signif- 
cant pressure remarks recorded in column^ 13 to 
amplify this data. 

5-28. Significant remarks (column 13), As for 
all elements of the observation, there are remarks 
concerning pressure that an observer should be 



prepared to report. Sbme of the more sigi>ificant 
pressure remarks that you should report are a^ fol- 
lows: ^ ' • ' 



V 



Prjessure Occurrence 

Barogram "V" (must fall and 
rise at the rate of 0.06 inch 
per hour or more and both 
\ht rise and fall must equal 
0.03 inch). 

Rising ^ fallfng pressure '(at 
the gte'of 0.06^r more per 
hour). 

Unsteady* pressure (^arp 
troughs or crests that depart 
from the mean trend average 
by at least 0.03 inch). 
Pressure jump (reported only 
at stations using i2-hour mi- 
crobarograph that experience 
a pressure rise | at a rate 
c\ce«ling 0.005 inch per min- 
ute). 



Sample Remark 

LOWEST PRES 832 2321 
(lowest sea-level pressure 
and time of occurrence) 



PRESRR ' 
PRESFR 



PRES UNSTDY 



PRJMP 8/1012/18 
(jump of .08 inch that be- 
gan ^t 1012 and ended at 
1018) 



5-29. AWS units do not normally have the 
equipment for reporting the pressure jump remark. ' 
However, to Understa-nd how this group is reported 
and coded by other weather agencies, consider the 
following fbcts. To\nter a pressure jump remark 
the followingycriteria must be met: 

a. Have a rise of at^east 0.02 ipch. 

b. Have a rise that remains at least 0.02 iqch 
higher than the original point of jump for 20 }nin- 
ut^sprjnore. 

c. Have a jump that is distinctly separated.frora 
the beginning- of any preceding jump by at least 20 
minutes, and ^ segment of the trace that is steady* 
or falling, or has a rise less than O.Ql inch pec 2 
rt^inutes. . * / ' 

5- 30. Pressure remarks are not unlike other re- 
marks.' Certain remarks, ^uch "^is PRESFR, are 

'common, whereas- remarks pertaining to lowe§t 
pressure are less frequent. Temperature and dew- 
point entries, v^hich are discussed in the following 
section, are similar to pfessur.e entries in that they 
can be determined quickly under normal circum- 
stances. ^ 

6, Temperature and Dewpoint 

6- 1. The Air F'orce uses two methods for ^ob- 
taining temperature readings— by a psychrometer 
constructed of two standard thermon^etcrs and by 
an automatic, sensing hygrothermometer. Both in- 
struments are described in Volume 1. As-a Station 
standard, thfe hygrothermometer has first priority 
and the psychrometer second. From either of. 
these, you obtain free air temperature directly. The 
hygrothermometer also gives the dewpoinx'tempera- 
ture directly, but the psychrometer method involves 
additional work to obtain dewpoint. 
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6-2. Free Air Tcmperafure^ Temperature is one 
of the most iommon arid easily understood meas- 
urements of weather. Besides its qsefulness as a 
tool for analyzing frontal positions, temperature 
data is used by the pilot, along with pressure-alti- 
tude data, tp compute the runway distance needed 
to reach takeoff speed. The temperature of Ae 
jfree air is somGfimes called the ambient tempera- 
ture. This means air freely moving about, unaf- 
fected by controlled heating or cooling sources. 

6-3. The hygrbthermometer s/snsor 1or psy; 
chrometer site is selected to best measure -this free 
air temperature (a grass area is preferred). You 
read the hyrothermometer temperature scale di-* 
rectly, rounding off the nearest whole degree. For 
the psychrometer, read the dry bulb to the nearest 
0. 1 of a degree. 

6-4. Dewpoint. The dewpoint indicates the tern- 
perature to which air must be cooled, with con- 
stant water -vapor content and pressure, to reach 
saturation capacity. During humid weather, very 
little cooling is needed to reach, the^aturation tem- 
perature because the free air .contains much mois- 
ture, and the saturation temperature is near the 
free air temperature. The dewpoint is important 
because it js the temperature beyond which further 
cooling produces visible condensation. 
• 6-5. D^point observation. T\\t AN/TMQ-11 
hygrothermometer now in use at most permanent 
' observing stations, provides direct reading of both 
dewpoint ^and ittt air teniperature on separate 
scales. Both scales are calibrated in r F incre-^ 
ments* The psychronpeter does not directly provide 
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Computer Pressure Base 

'ffn.fic-5 o] nycrQury f 


— 531 to +392 




•r393 to +1341- 
1 


^ 29" 


+ 1342 to 23 H 


I 28- 


.2317 to 3836 


•27" 


3837 to 5976 
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Sample interpolaticjn. ' 



dewpoint; instead, it gives free air and- wet-bulb 
^ temperatures from which the dewpoint is calcu- 
lated. The wet-bulb temperature indicates the 
amou;it of cooling that results because of the evap- 
oration of water from the wetted sack. The differ- 
ence between the dry- and wet-bulb readmgs, 
called wet-b.ulb depression, completes the informa- 
tion needed to compute dewpoint from tables or a 
calculator. All values are recorded to' the nearest 

,o.r. 

6-6. Dewpoint' calculation, Psychrometric ta- 
bles offer one- method of computing dewpoint. 
These tables list the dewpoints for a wide range of 
dry-bulb/wet-buib depression relationship^. Often 
your observed data falls between table values, and 
. you must interpolate to obtain the correct dew- 
point. Figure 18 illustrates a "double interpola- 
tion," You qan see that interpolation is necessary 
between air temperature table values *and depres- 
sion table values, hence the term **double interp6- 
lation.'UA simple ratia and propSftion solves the ' 
interpolation; For example, the observed dry-bulb 
temperature, 53:3, falls 0.3. of the V difference 
between 53 and 54, and- the corresporiding dew- 
point also falls 0.3 of the- distance between 44 and 
46. Since 0.3 of 2 (the difference between 44 and 
46) is 0.6, the answer Js -44.6. As you sdlve each 
interpolation (indicated by arrows), you obtain ihe 
dewpoint (middle ^arrow). The dewpoint may 
equal the dry- or wet-bulb temperature, but it 
should never be higher than either.. A fcecond and 
the recommended methodjor calculatlrig dewpoinV 
involves the use of the psyehrometrjc calculator 
MI^249/UM. ^ 

6-7. The calculator computes dewpoint by 
comparing^ the wet-bulb temperature with thejvet- 
bulb depression at the average station pressure. 
Table 13 lists average station pressures' for several 
ranges of station elevation. Select the pressure to 
determine which D scale (colored rings) to use on 
the computer. Next, select ihe high range side of # 
the computer^if ihe^wet-bulb temperature is above* 
>32'* F or the low range side if it is ielow 3^*" F. 
Then follow the listed steps. " * * 
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a. Set the 0'' index*' of the D. scale opposite tne 
wet-bulB value on the *Ti" scale if the wet-bulb 
^ck is ice (povere^d, or opposite the DP scale if the' 
wick is unfrozen. 

, b. Move the cursor to the wet-bulb' depression 
along the colored D scale'. 

c. Read the d&wpoint on the DP scale und^r the 
cursor, hairline. Before you^m^ke the AWS Form 
^ 10 entry, insure, that the scale you use does rtot re- 
sult in a dew-point that is higher than the free^ air 
temperature. - " ' . ' 

6-8. AWS Form 10 Entries. Enter the tempera- 
ture reading in column 7 and the dewpoint reading 
in column 8. Round off both entries to the nearest 
whole degree, and when an entry is below O^F, 
Jjrefix a minus sign. One-digit values do not need a 
zero prefix, such as 04 for 4. Some typical entries 
are shown as follows: 4 



Column 7 
101 ' 



Column '8 

-15 
' 38 
62' 



The next AWS JForm 10 entrfes that you must 
make are wind direction and speed. 

7. Wind . ^ 

» * ^ 

7-1. Air his characteristics, such as tempera- 
ture, moisturdaf and movement. Air moVemeqt 
sometimes produces unusual condition^ in certain . 



areas. These conditions have b^en 'given names 
such as- "Chinook" on the leeward side oi the 
Rockies, "nor'easter" in New Eogl'ind, "blizzard" 
in the MiSwest, and "Santa Ana" in California, 
Some winds affect large areas whilp others occur 
on a-local scale. Whatever their extent, wind ob- 
servation includes fiirecUon, speed,^and character. 

7-2. Direction and Speed* The .di^^tion from 
which the wind blows gives its name to. the wind. 

'A w^t wind is one coming from, the west, fwo 
geographic points — the true north pole and the 
magnetic north pole — are the reference for any 

<iirection. The ^observing equipment is oriented to 
magnetic, north. AWS Form 10 entries 'require a 
true north orientation, 'i'herefore, between obser- 
vation and entry, you rtiust convert froto one refer- 
ence point to the other. ^ 
^ 7-3. Direct-reading - recorders, such as the 
RO-2, have priority as a standard over other wind 
measuring devices. Whe're^the recorder is unavaila- 
ble, the direot-reading dial of the AN/GMQ-11 
wind measuring set is the station standard. The 
RO-2 recorder scale above the recording pen is 
I usually adjusted to indicate wind direction with re- 
spect 'to true north,, while the chart is set to mag- 

,netic north. You' read the wind direction to the 

^nearest 10° for a 1-minute -average at the time of 
observation. Rarely do6 the recorder pen scribe a 
straight fine; it usually swings across a wide riige 
of directions. You cho©se the ^direction that occurs 
most frequently during ^he 1-minute period. The 
direct-reading dial of the wind sCt indicator offers' 



EAST^^LY 
VA«1ATI0N 




Figure 19. Magjnetic variation. 
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only rnagrietic direction; therefore, you mtlst con- 
vert the indication to a true direction. 

7-4. True and , magnetic direction conversion. 
The line along which the true and magnetic dirccx 
tions are the same is called the agonic line or 0** ] 
magnetic variation. As shown iii figure 19, varia- 
tions on one side of the liqe are termed ^easterly 
variations and variations on the other side are \vcst- 
terly .variations. Obtain your local magnetic varia- 
tions from a current sectional aeronautical chart. 
Then, to convert magnetic direction to true direc- 
tion: ^ 

' • Add easterly variation tp magnetic 
, direction. 

• SUBTRACT WESTERLY variaXio'ns from 
" »^ magnetic dii;ection.^ * ' ' 

If you.find it necessary to convert from true direc- 
tion to /ruz^ne/Zc direction: » 



• ADD WESTERLY variation to true direc-* 
tion. 

/ • SUBTRACT EASt^^Y variation from 
true direction. ^ y 

7-5. Estimating 'M^ind direction ani speed. On 
occasion, it may be necessary to estimate the Wind 
direction. When t\iis situation arises you can use 
the movement of leaves, smoke, or similar free 
movmg objects to determine wind direction. If a 
wind cone or tee is available, you should have lit- 
tle* trouble estim'ating the direction. Estimating 
wmd speed can pose a little more of a problem. 

7-6. When instruments are not , available, esti-* 
mate the speed (including character, discussed 
later l^fcris section) from the Beaufort wind scale, 
as sh6\yn-|in table 14. The speed indicators also 
swing aCros^ a wid'e range of vali^wfiich makes it 
difficult to determine the observed speed. .This is 



Table 14 
Estimation of Windspeed 



■ Beaufort 
Nunber 


MPH 


.Knots 
■ * 


International 
Description 


Specifications* 


. 0 . 


Less thai\ I 


Less thad 1 


Calm 


Calm; smoke rises 
vertically 


1 


1-3 


1-3 


^Li^t air 


Direct ioh of wind shown 
by smoke drift but not 
by wind vanes 


2 


4-7 ■ 


4-6 


Li^t Breeze 


Wind felt on face; leaves 
rus tl e ; vanes move d ' by 
wind . 


3 


8-12 ^ • 


7-10 


Gentle Breeze 


Leaves and small twigs 
in constant motion; wind 
extends li5?ht flag 


4 ' 


13-18 


' 11-16 


Moderate 


Raises dust, loose paper; 
small branches moved v 


5 


19-24. 


17-21 


Fresh 


Small trees in leaf begin 
to sway; crested wavelets 
form on inland waters' 


• 6 


25^31 

• 


.22-27 . 

• ■ V- 


Strong 


Large branches in motion; 
whistling heard in tele- 
graph wires ; umbrellas 
used with difficulty 


- . 


■ 32-38" 

f 


28-33 


Near gale 


Whole' tree^ in motion; 
incqnvenieifce felt walk- 
ing against wind 


8 


39-46 


34-40 . 


Gale ^ 


Breaks twigs off treee; ^ 
impedes progress 


9 


47-54 


41-47. 


Strong gale 


Slight 'structural damage 
occurs , 


iQ 


55-^^3 


48-55 


Storm 

• 


Trees uprooted; consider- 
able damag^ occurs 


'11 


64-72 , 


56-43 


, Vialent 
storm • 


Widespread damage , 


12 . 


73-82 . 


64-71 


Hurricane 



especially true at speeds over. 10 knots. Your judg- 
ment plays an important part in t&is case^ sincejthc 
rule specifies a 1 -minute average wind speed. 
However, as in the case of wind direction,^ chbosc 
the speeij observed most frequently. Other report- 
ing methods cover the wicje range of speed values 
under the terms "gust" and **squall." 

7-7. Witfd Character. A simple report of speed 
and direction does not always completely represent 
the observed wind. Tire terms "gust," "squall," 
and **wind shift" help describe char;icteristics of 
the wind not revealed by speed and direction. 

7-8. Gustiness complicates aircraft touchdown 

and takeoff maneuvers in a manner that is similar 

« 

to, but much more serious than, the handling ef- 
fects you feel while driving a car during gustiness. 
Further importance is added to gusts by their asso- 
ciation with frontal passage and thunderstorms. 
Wind seldom maintains a totally steady speed; a 
wind that is not gusty often shows a variation be- 
tween peaks and lulls of about 6 knots. This is rec- 
ognized on the wind recorder as 2t narrow ink trace 
whose edges show minor wiggles or ripples. -A gust 
is characterized by rapid fluctuations in speed. The 
record ink trace widens and the edges are jag- 
ged, jhaving pronounced projecting points and 
notches, A gust is further defined in FMH-1 by a , 
specific speed critericJn between peaks and lulls. 
This criterion serves to standardizesgust ^reporting 
among all observing uiiits. Gusts are identified by 
the symbol "G " followed with the peak spefed .ob- 
served during the 10 mSiutes prior to the ascribed 
observation time. ^ , 

7/9. A squall is characterized by a sudden in- 
crease in windspeed which is' sustained long 
enpugh^to show a*jnarkecl change in the ^verag^ 
speed. Part of the success in observing 'wind rests 
upon distinguishing jsl squall from a gust. A squall 
is tiOi simply an increase in the peak gust speed. 
The average wirjd speed must show a sudden, sig- 
nificant increase. Also, the- speed must attain' a 
certain level and remain above that Icwel for a 
specified period of time. FMH-1 details the cri- 
teria for reptDrting a squall. It is-common to have 
gusty winds during a squall, especially if the^squall 
lasts for several minutes. A squall is identified by 
the symbol "Q," followed M^h peak speed ob- 
served during the 'same 10 m^tes. 

7-10. Wind shifts (change *in direction of 45"^* 
or more within 15 'minutes) ace normally asso- 
ciated with some or all of the following phenom- 
ena, typical of a cold frontal passage: 

• ^ Gusty winds. 

• Clockwise shift (Northern Hemisphere). 

• Rapid drO|j in dewpoint. 

• Rapid drop in tem|rcrature. 

^ Li^tning, thunder, ^eavy rain* and hail in 
the summer. 

• Rain or snow showers. 
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Wind shift entries, with or without frontal passage, 
are entered in column 13 of AWS Form lO. The 
standard contraction for wind shift is. "WSHFF' 
and for frontal passage, "FROPA." Follow each 
wind shift remark with the time (GMT) of shift, ' 
such as WSHFT- 1508 FROPA. Other remarks 
concerning variability of speed or direction may 
also be entered. In each case, use contraction^'. 

7-11. Wind Entries afid RemaScs. Enter Ihc 
wind direction in column 9 and wind speecfein col- p> 
umn 10 of AWS Form 10. Use two digits for each^ 
entry. Enter the direction in tens of degrees to the 
nearest ten degrees, and the speed to the nearest 
whole knot. A wind from 275"" at 8 knots is writ- 
ten as "28" in column 9 'and "08" in column 10, 
but is usually encoded "2808" for local dissemina- 
tion. Even-calms and speeds in excess of 100 knots 
require only four digits^; for example, a calm is en- 
tered as "OQOO," and'a 105^knot wind from 160^ 
. (16 4- 50 = 66) is entcrep>as "66t>5." Note the 
50 added to direction when speed exceeds 100 
kn'bts. Be sure to enter a north wind as "^6" rather 
than "00," and if you estimate the wind -from the 
Beaufort scale, attach an "E" following the four 
digits. L 

7-12- When any of the phenomen^sted below 
occur, you should add wind remvksTO your ob- 
servation: 

• Hail , . 
^ • Thunderstorms 

• Tomadic activity * 

For example, when these severe weather phenom- 
ena occur, you should add a standard remark of 
"PK WND" to your, observation, followed by the 
direction and speed, separated, oj;^ slant, an^ the 
time of occurrence in lAinutes past the hour. If a 
thunderstom begins and the speed reaches 37 . 
knots from 270"* at 1 146 GMT, you would record 
the following remark in column 13 on 9WS Foxjn ^ 
10 and transmit: 

PK WND 27/37 46 

You would repeat this remark on the next record 
observation following the ending or disappearance 
of the phenomenon. 

7-13. If the wind speed attains 35 knots or 
more and no severe weather is present, you should 
record a "PK WND" remark for the first occur- . 
fence using the preceding rules. Other common 
wind remarks are: i 



Type 

Variable wind direction 
Magnetic wind direction (only 
reported byJ)tations transmit- 
ting winds locaiiy by teletype) 



* Sample Remark 
WND 270V320 
MAG 16 



7-14. Columns 71, 72, and 73 are used to enter 
information about , the peak wind for the day 
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(refer to foldout 4) . Column 71 is used to record ' 
the highest instantaneous speed recorded during 
the' 24 hours ending at midnight. It is entered in, 
tens of degrees. If the direction portion of the re- 
corder is inoperative, the direction must be esti- 
mated from column 9 data and entered in column 
72 to the eight points of the compass (i.e., E, SE, 
S. eta). Column 72 is used to reportcthe true 
direction and column 73 the time of occurrence. If 
the same speed ctecurs more than once, enter the 
time of the last occurrence with a footnote refer- 
ence, and in block 90. enter the additional times. • 

7:15. Most experienced observers rerord their 
AWS Form 10 entries in the ^^ame order they are 
listed' that is. sky condition first, visibility next, 
and so forth. This method of completing your ob- 
servition usualjv presents no major problem. Not 
only must you assemble in column 1 3 the entries we 
have already discussed, but you also need to enter 
supplementary data (coded groups and additional 
data) in this column Supplement^rv data is dis- 
cussed in the next section of this CDC. 

7- 16. Before proceeding to Section 8 refer to 
the chapter review exercises in your workbook and 
answer the items for Sections 5, 6, and 7. 

8, Supplementary Data 

8- 1. Supplementary data is encoded and en- 
tered in column 13 of AWS Form 10. The intent 
of these entries is to record operationally signifi- 
cant information not reported elsewhere; to elabo- 
rate on preceding coded data; or to record for dis- 
semination supplementary 3- and 6-hourly synoptic 
data. 

8-2. To make it easy to locate information in a 
weather message, an order of entry has been estab- 
lished. You should already be familiar with the 
order of entry for operationally significant remarks 
from the previous sections, but here is a quick re- 
view, plus the order of entry for additional re- ^ 
marks covered in this section. 

a. Operationally significant remarks. 

• Runway visual range or runway visibility, 

• Surface-based obscuring phenomena. I 

• Wind shifts. 
Pilot and radar reports of bases and tops. 

• Remarks elaborating on the observation. 

b. Coded groups (3- and 6-hourly additive 
data). 

• . Barometric and precipitation data.* 

• Qoud code groilp. ' 

• Snow depth.. 

• 24-hour precipitation. 

c. Additional entries. ' * ' ^ . 

• Radiosonde data (RADAT). 

• Runway conditions. 

• Weather modification. 

• Radiological data (RIII group). 



8-3, Some of the pifeccding requires the use of 
codes. Where plain language is called for, use au- 
thorized contractions andfweather symbols' to con- 
serve communication time and sp^ce? Howfiver^ 
never ojnit an essential remark, of which you are 
aware, for the lack of readily' available contrac- 
tions or sjrobolsVIn such cases the only require- 
ment is that the remark be clear. Make allaimc 
entries in GMT with the time ^one indicator omit- 
ted. Report the direction in which tlouds or. other 
phenomena are moving. When using points o^ the 
compass to describe quadrants or sectors^^ enter 
them in a clockwise order, e.g. "N-E." The next 
category, coded groups, is discussed in se- 
quence in which the groups are entered on AWS 
Form 10. ^ \^ 

.8-4, Coded Gronps.'Coded groups axe included 
only with the 3- and 6-houriy observations. They 
contain barometric data,/ precipitation amounts 
and depths, international cloud types, and precipi- 
tation data. The first coded group contains baro- 
metric data. 

8-5. Barometric data.(app 99ppp). Barometric 
d^ta includes both the barometric characteristics 
(trace) and tendency (amount). The first ele- 
ment, "a," is the characteristic of' the barograph 
trace. The coded value for this element is deter- 
mined every 3 hours by observing the trace on the 
microbarograph and then selecting the coded 
value, as shown in table 15, that best represents 
the past 3-hoiir period. 

8-6. Whenever the barogram trace is incompat- 
ible with the previous pressure readings (3 hours 
ago),. you should check the column 12 and 17 en- 
tries on AWS Form 10. For example, you cannot 
encode a barometric characteristic (trace) of "3" 
when the pressure is lower than it was 3 hours ago. 
Even though the barogram reveals a pressure tracje 
that resembles the code value "3," the correct code 
value is "5," which signifies a similar condition. 
The main difference is that* the pressure is lower 
than it was 3 hours ago. 

8-7. Colum.n 1 of table 15 ^hows the criteria 
for determining the coded value for "a." Column 2 
' shows ^the general characteristic the barogram 
trace must assume. The code values "2" and "7" 
are used for pressure situations which preclude the 
coding of other code values. Notice that only three 
codeivalues (0, 4, and 5) can be coded when the 
3-hour change is ±.000. 

8-8. The element "pp'' Is the amount of baro- 
metric tendency (change) for the past 3 hours. 
This change is the difference, to the nearest 0.005 
inch, between the column 17 entry at observation 
time and the previous column 17 entry. This dif- 
ference is then converted to a • coded - value, as 
shown in table. 16, which together with the baro- 
metric characteristics form the "app" group. For 
exatnple, a pressure trace for the past 3 hours indi- 
cates a falling and then steady trace. The total 
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. Table 15 

Dotrmination of Characteristic of Barometer Tendency 



Description of Characteristic 

t . 1 


Graphiq 
Representation 


Code 
Figure 


Primiry Oriqualified Requirement 


Additional Requirements. 


HIGHER 

Atmospheric pressure now higher 
than 3 hours ago 


Increasing, then decreasing. 




0 


Increasing, then steady; or in* 
creasing more slowly. 




• 1 


Increasing steadily; or in* 

crea^nv unst£adilv' 




2 


Decreasing or sfeady, then 
increasing; or increasing, then 
increasing morei rapidly. 




3 


THE SAME 

Atmospheric pressure now same 
as 3 hours ago 


Increasing, then decreasing. 




0 


Steady or unsteady. 




4 


Decreasing, then increasing. 




# 5 


LOWER 

Atmospheric pressure now lower 
than 3 hours ago 


Decreasing, then increasing. 




5 


Decreasing, then steady; or 
decreasing, then decreasing 
more slowly. 




6 


Decreasing steadily or de- 
creasing unsteadily. 


\ 


7 


Steady or increasing, then 
decreasing, or decreasing, then 
decreasing more rapidly. 


r 


8 


■ ■ i 

Column i * 


Column 2 


Column 3 


. Column 4 



pressure change from the three hgurs isr.035 ihch. 
Therefore, the "app" group should be ^odcd 
"612." -J ^ 

8-9. When the pressure cHaracteristic ("a") or 
pressure tendency ("pp") are not obtainable, re- 
' place them with the appropriate number of slant 
lines. For example, an "app" group with a charac- 
teristic of "3" and no tendency data is encoded 
"3//." If no column 17 reading is available for the 
last 3-hour period, you can use the station pres- 
sure from Ihe microbaragraph reading of 3 hdurs 
ago if the equipment is reliable; otherwisej report 
the data missing. 

8-10. If the barometric tendency, "pp," equals 
or exceeds code value "99," use the code "99" for 
the barometric tendency and report an additional 
group, the- group 99ppp follows the basic "app" 
group when the code values are "99" or higher. 
For examyle,.a 3-hourly pressure characteristic of 
"2" and a barometric tendency of .340 inch is 
coded "299 9915." 

8-11. Precipitation amount (RR). At 6-hourly 
report intervals, the precipitation amount (RR) is 
combine* with the app"» group. This attached 
"RR" element represents the total precipitation 
(water equivalent) for the past 6-hour period and 



is coded in tenths and hundr^ths. For example, 
an "app" group of 803 and a preqipitation amount 
of 0.28 inch for the past 6 hotirs is encoded 
"80328" on AWS Form 10. When there has been 
precipitation, but the -measurement' is less than 
0.01 inch, the "RR" is coded as "00"^ (trace)'. 

8-12. When the precipitation amount In the last 
6 hotirs is 1 inch or more, you add a plain language 
remark after the basic group to indicate the whole 
inches measured. For exa;jriple, a complete appRR 
(99ppp) grouping! of data that includes 2.36 
inches of precipitation is coded "89936 99117 
TWO." In addition to the "RR" data, this example 
illustrates the way that the barometric data is com- 
bined, and arranged 'for entry on AWS Form 10. 
The next coded group, cloud code group, was dis- 
cussed in detail in Section 1 of this chapter.* There- 
fore, the following discussion of this group is very 
brief. 

8-13. Cloud code group HClCuCh). When 
clouds are observed^ the cloud code group is coded 
as shown in Section 1 of this chapter. This code 
group always follows the "app"-on a 3-hourly and 
the "appRR" coded *date on a 6-hourLy report. 
When clouds are not present or you cannot see 
them because of complete obscuration, omit the 
cloud code group. The clpiid code group is f ol- 
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lowed by the sn(^v depth group when certain con- 
ditions exist. 

8-14. Snow depth (904Sj^j,l The snow depth" 
group is reported on 6-hourly observations when 
there is more than a trace of snow on the ground 
and more than a trace (water equivalent) of any 
form of precipitation occurs' during>the past 6 
hours. The snow-depth group is always reported.at 
1200 GMT when there^ is more than a trace of 
snow on the ground. The "904" is an international 
indicator for "snow depth/' and the "SpSp" repre- 
sents the inches of snow on the ground. For exam- 
ple, 15 inches of snow at 1200 GMT is coded 
"90415." When more than 99 inches of snow is 
present, the basic^oup is repeatedtpor example^ 



213 ijiches of snow depth is coded "90499 90499 
90413." Many AWS stations never have occasion 
to report snow. There are, however, many stations 
in a temperature acne that report snow a few times 
throughout the year. If you are at these stations, ' 
3void*procedural difficulty in reporting snow depth 
by studying themles tor observing, evaluating, re- 
cording, and disseminating this information when 
the need arises. 

^-15, ITie measuring stick used with the rain 
gage is also used to measure total snow depth. De- 
termine I he depth to the nearest 0.1 inch as far as 
practicable. For measuring the depth of undrifted 
snow,rsink the measuring stick vertically into the 
snow so that the end rests on the ground surface ^ 
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Table 16 ; 
Symbols "pp'' and "ppp" . Amount of Bakometwc Change in the Last 3 Hours* 



Amwiat •! riM or Idl 



PP 



a 000 

.005 
. 010 
. 015 
.020 
.025 

.030 
.035 
.040 
.045 
.050 

.055 
.OM 
.065 
.070 
.075 

.080 
.085 
.090 
.095 
. 100 

. 105 

. lio 

. 115 
. 120 
.^125 

. 130 
. 135 
.140 
. 145' 
. 150 



0.0 
.2 
.3 

^ 5 
.7 
.8 

LO 
L2 
L4 
1.5 
1.7 

L9 
• Z 0 
Z2 

r 

.2.5 

Z 7 
Z 9 

ao 
a2 
a4 

a 8 
a 7 
a 9 

4. 1 
4.2 

4.4 
4.6 
4. 7 

4. 9 

5. 1 



Co<U 



52 
54 
56 
58 
59 

61 , 

63 

64 

66 

68 

69 
71 
73 
75 
76 

78 

80 
81 
83 
85 

86 
88 

90 
91 
93 

95 

97' 

08 

99 



iMrcQfy 



I 7«CUUbtrt 



a 155 

' ..160 
. 165 
..170 
. 175 

. 180 
. 185 
• . 190 
. 195 
. 200 

.205 
. 210 
. 215 
.220 
. 225 

. 230 

.235. 

.240 

.245. 

.250 

. 255 
.260 
. 265 
. 270 
. 275 

. 280 
. 285 
.290 
.295 
.300 
etc. 



5.2 
5.4 

5. 6 
5.8 
5.9 

6. 1 
6, 3, 
6. 4 
6. 6 

6. 8 

.6. 9 

7. 1 
7. 3 
7.5 
7. 6 

7. 8 

ao 
a 1 
' 8s 3 
a 5 

a6 
a 8 

9.0 
9. 1 
9. 3 

9.5 
9. 7 
9. 8 
10.0 

ia2 

etc. 



ppp 



Cod* 
flfun 



100 

102 

103 
105 
107 
108 
110 

112 
113. 
115 
117, 
119 

120 
122 
124 
125 
127 

129 
130 
132 
134 
135 

137 
139 
141 
142 
14^- 

146 
147 
149 
151 
152 





MUUbvi 


Cod« 


Incb«iof 
mercury 


1 


0.295 


10.0 








. 300 


10.2 








.305 


10. 3 


154 


0. 455 


15. 4 


. 310 


10.5 


156 


. 460 


15. '6 


.315 


10.7 


157 


. 465 


15. 7 


. 320 


10.8 


159 


. 470 


15. 9 


. 325 


11.0 


161 


.475 


16. 1 


. 330 


UA 


163 


.480 


16. 3 


. 335 


n. 3 


164 


. 485 


16.4 


. 340 


11.5 


166 


. 490 


16. 6 


. 345 


n. 7 


168 


. 495 


16. 8 


. 350 


n. 9 


169 


. 500 


16. 9 


.355 


izo 


171 


. 505 


17. 1 


. 360 


1Z2 


173 


. 510 


17.3 


. 365 


1Z4, 


174 


. 515 


17.4 


. 370 


1Z5 


176 


. 520 


17.6 


. 375 


1Z7 


178 


. 525 


17.8 


.380 


. 1Z9 


179 


. . 530 


17. 9 


.385 


lao 


181 


. 535 . 


la 1 


.390 


ia2 


183 


. 540 


la 3 


. 395 


ia4 


185 


. 545 


la 5 


. 400 


la 5 


186 


. 550 


la 6 


.405 


la 7 


188 


.555 


la 8 


.'410 


la 9 


190 


. 560 


19.0 


.415 


.14. 1 


191 


.565 


19. 1 


.420 


14.2 


193 


. 570 


19. 3 


.425 


14.4 


195 


.575 


19. 5 


.430 


14.6 


196 


.580 


19.6 


.435 


14.7 


198 


.585 


19.8 


.440 


14:9 


200 


.590« 


'20.0 


.445 


15. 1 


201 


. 595 


20. 1 


.450 


15.2 


203 


.600 


20. 3 
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and read the measurement. Repeat this procedure 
at several spots and average the readings for the 
total snow depth. 

8-16. When the snow has drifted, a reasonably 
accurate total depth measurement can be made by 
taking the average of several measurements over 
representative areas. Be sure to include the great- 
est and least depths. For example, if spots with no 
snow are visible, at least one of the values used in 
the computation should be zero. 

8-17. 24'hour precipitation (2Rg^ Rt^ Ri^, Rn)* 
As the symbolic code form implies, this precipita- 
tion group is coded only once every 24 hours at 
1200 GMT. This group is also coded in the inter- 
national weather code (synoptic code); therefore, 
at some locations in the world, coding instructions, 
may vary. 

8-18. Generally, the 24-hour amount of precip- 
itation is determined' from a sum of the 6-hourly 
measurements that are required for AWS Form 10 
entries. Since you arejiot required to keep a rec- 
ord other than the coded 6-hourly data, it is -to 
your advantage to extract the 24-hour {Jrecipita- 
tion information before the 1200 GMT observa- 
tion. We have already discussed the ways of deter- 
mining water equivalents. 

8-19. The '24-hour precipitation amount is 
entered in column 13 in the coded format ^ 
"2R24R24R24R24." Thc "2" is the code group 
indicator - and the "Ra4R24R2'4R24" portion of 
the group indicates tens, units, tenths, and hun- 
- dredths of an inch of precipitation. The decimal 
point is omitted in the entry. For example, 1.38 
inches of precipitation is coded "20138." When 
0.01 inch or more precipitation occurs during the 
preceding 24 hours and you cannot determine the 
amount, enter **2////" in column 13. When no 
precipitation occurs during the 24 hours, omit the. 
coded entry. ' ' i 

8-20. Additional Entries. Most stations appeofiL. 
additional groups to their observations. Additional 
entries can be distinguished from coded ,groupsrbe- . 
..cause most additional entries are in the form of 
• plain language and contractions ratlier than coded 
groups. The^additidnal entries increase the useful- 
ness of the observation for local operations, such 
as flying. The first additional entry, freezing level 
data, is useful in studying the dynamics of the at- 
mosphere and for briefing purposes. 

8-21. Freezing level data ("/^^D/ID. Freezing 
level data is transmitted from stationstnatJiave a 
rawinsonde section. This data \s determineovfrom 
the raob balloon sounding when^t passes through 
the freezing level stratum (0** C). This iifforma- 
tion, when available, is added to the firit hourly 
observation following the receipt-efjtjied^ta. 

8-22. The contraction "RADAT" signifies that 
freezing level data follows. The contraction 
RADAT is followed by one of three entries as fol- 
iQWs:. 
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a. A five- to fourteen-di^it group UU(D) 
(h..hA)(hphi.hp)(/n). 

i. MISQr ' 

c. ZERO, 

8-23. The contraction "MISG" indicates that 
the surface temperature is warmer than 0^ centi- 
grade and the sounding is terminated before the 0® 
centigrade isotherm is reached. The entry **ZBRO" 
indicates that the entire-bounding was below freez- 
ing. When neither of these conditions exists, the 
contraction "RADAT" ia followed by a five- to 
fourteen-digit group. * 

8-24. The first two digits (UU) are relative hu- 
midity at the first crossing of the 0"^ C isotherm. 
When it is 100 percent, **0P" is entered; 20 per- 
cent is entered as **20"; and when it is 10 percent 
or less, "10" is entered. When the relative humidity 
is missing, *V/" is entered. 

8-25. The third digit (D) is a letter designator 
identifying the O"" C isotherm crossing to which the 
coded value of UU corresponds; 

• L — for lowest. 

• M — for middle. 

• H — for highest. 

When only one height value is coded, this figure is 
omitted. 

8-26. The symbolic letters "hphphp" represent 
the height of the first freezing level in hundreds of 
feet-MSL. For example, RADAT 37015 shows a 
relative humidity of 37 percent at a freezing level 
of 1,500 feet MSL. | 

8-27. When the raob sounding crosses more 
than one freezing level, additional hphph,> groups' 
are added to the report. For example, RADAT 
84M01 904505 1/1 indicates the following: . 

0 84M— Relative humidity at J^he middle 
coded height (045) of the 0"" C isotherm crossing 
. is 84 percent. * 

• 019 — Height at whicji sounding first crosses 
0^ C isotherm is, 1,900 feet MSL 

• 045 — Height of next to uppermo$t level at 
which sounding crosses 0° C isotherm is 4,500 
feet MSL. 

• 051 — Height of uppermost level at which 
sounding crosses 0"^ C isotherm is 5,100 feet MSL. 

• /I— Indicator to show that one additional 
crossing of the O'^C isotherm occurred. ""^^ 

8-28. The last group (/n) is an indicator group 
used to show the number of crossings of the 0° C 
isotherm other than those whose heights are 
coded. If all the crossings are coded in the report, 
then the (/n) group is omitted. 

8-29. Icing data (RAICG), When icing level 
data is determined froni a Rapb sounding, append 
this information to the observation. Icing data is of 
primary concern to forecasters when they are 
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^r|f/1ng pilots. Thi^^oup. RAICG, reveals po(cn- 
tial aircraft icing -Conditions. Tlitf coding ir. j^ruc- 
lions arc^similaf tdlf\dsc fbr "RADAT" data'^An 
icing level at 14,000 feet MSL is coded **RAICJJL' 

' 8-30^ If t.he sounxling's ascension rate is appar- 
ently slowed by :mow. the contraction VSNW " is 
entered following the Height data..Vs shown in the 
code group **RAICG 1 3MSL SNW." 

8-3i:^3olh RADAT and RAICQ/of course* 
are appended -to the observatioir onh' when you 
have a rawinsonde section at your sta.lidn, and 
then only if they me« the criteria mentioned in^ihe- 

^ preceding discussion. ; ^ — - 

' ^ 8-32. Rtmmy cpmUtiQft . Runway condition 
datd is provided by/ tiic •bas^pera(i<)ns offi^ . 
^vhcn hV.lhinks tfic contlllion bfsHe runyvay isJHk 

,that aircraft operations could be affected. Wffin 
/c^civcd from (he base operations' officer, jhis cRfta 
is app4ndc($to th9 obscrvafion aild^is dissci.upaitKl 
over longline weather communication' prcuiis - 
only. After initial longline ijis^cminaiion, .it is :ip- v 
*pcndcd to all subsequent hourly obscrvaiit^ns uniih 
amended or canceled by (he bgse operations offi- 
cer. , . ' ' ' ^ 

8*33. The-following con(rac(ions ar#«wwd to re- 
. port the runway surface condition; 
WET RWY—Wet runway. 
SLR^ — Slush on runway. ^ • , 
LSR — Lobso»snow on runway. ♦ 
PSR — Packed snow oh runway. 
IR~Tce on hinway. ^ 
P — Patchy conditions (attached (o runway con- 
dition reacting). 

8-34. Except for "WET RWY*' rtie^c runway 
surface conditions contractions are followed by a 
two-digit dcceleromcter reading. The dccc»eromc- 
ter reading value varies between 02 and 26. Two 
typical examples are; 

(1) PSR 15 (packed snow on runway; deccler-^ 
omete/ reading. 15.) 

(2) IR05P SANPEP (ice on runway; deceler* 
omcler reading 05; conditions patchy, run- i 
way sanded.) 

8-35. Weather modification. Weather modifica- 
tion activities involving fog and stratu.s dispersal 
arc sometimes conducted. U this occurs nt your 
station, you must be aware of how unvl when to 
enter this data in .column 13 of AWsVorm 10. 
There are four cases when weather modification 
remarks are included with the official observation: 

• When they arc about to take place. 

• When they arc taking place. f 

• When they have ended. 

• When dispersal efforts may cease to affect 
the terminal weather. 
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18-36/ Disp^al acti^tjcs are rcported<in^he 
'first "S'* or **R^ observation 'tratjsmittcd longliuc. 
notice is received that dispersal will tak<r place 
! several hours in advance o( the actual weather 
modification period, you should tc briefed at that, 
time to rc|200 (his data no sooner thaa 2 hours 
preG^Knifme time that the dispersal activities 
begin. "When dispersal activities end or are sched- 
uled ((» cnd» a remark is appended to either the 
next record x)b.'?ervation or to the .preceding record 
if notifcatioD is given before the dispersal actW- 
Ties ore compjeted. "^elow is ^ list of typical 
weather modification ren^arks: ^ . 

q, F DSPRL 80910 (time- began, or .scheduled 
Mo+epin). 

Ik STDSPRLBUNKN (activity began but ac% 
tual,time unknown). . ' . 1^ 
. c, F D.SPRL*CONTC\(activity continuing; re- 
ported in each record until ended), 
r-^ //. F*DSPR^;E1620 (time activity cndpd). 

<*, FDSPRL'ST?EDtfE1417 (activity scheduled 
10 end). ' * ' -I 

' V: STOSPRL EF^ SKEPB E 1702 '(dispersal 
agent. effective only to esiinuitcd time). 

• 8-37. Radhtion )ntchsity (Rill), If you arc as-, 
signed to a Nvcather uni^ within the' CONUS or 
-Alaska, yoli arc only rxjsponsiblo for' transmitting 
radiatifn intensity (K data>.(Rin) under speci; 
fied conditions — usually during Ihe period in 
■AVhich DEFC&N (defense condition) 3 or higher 
is declared. At overseas locationsfthe theater com- 
mander determirves the reporting criteria. Because 
of varying criteria, we have purpo.sely omitted this 
from the text. The examples listed below arc typi- 
cal radiation group^ata: >• 

a, RZERO (n6radiation)r 

b, R0l2^r/hr). 

c, RI27 Plus 1000 (for values that exceed 999 
rZ-hr, subtract the thou.sand value and encode the 
remainder as b« above. Add the thousands value in 
plajn languag^ . " 

rf. R/// (dSta unavailable). 

9/ MIsctllanttoui AWS Form 10 Instructions 

9-1. Up to this point, our discussion of* AWS 
Form 10 entries has dealt primarily with columns 
3 through 13. You f6rm these entries into a s6r- 
"facci airways report and transmit or disseminate 
the report to support drcra^ and forecasting oper- 
ations..,The remaining Form 10 columns arc space 
for statistical data, hnportant enough for entry but 
not necessarily desired for transmission. Tlus sec- 
tion discusses those columns as well as general 
rules governing Form/ 10 entries and corrections. 

9-2. Statistical Columns* Several of the statistical 
columns arc -discussed in Section 5, Pressure, 
where the entries closely support one anothert ' 
These entries are column 17, Station Pressure^ and 
Columns 59 through 65, Station Pressure Compu- 



tation. this section does not duplicate that discus- 
sion. Broadly speaking, the remaining st%uistical 

- columns fall into four classes:'' 

a. Total sky cover, colunfn 21. 
. fc. Synoptic data, columns 42,' 44» 45, 46. 
c. Summary of the day, columns 68. 69, 70, 71, 
' 72 and 73. 

(/. Remarks, notes and miscellaneous phcntxii- 
ena» column 90. ' ^ 

9-3. To make the discussion "easier Jo follow, 
open foldout 4 and refer to it while reading this, 
section.' The following rutes apply to Total Sky 
Coyer, colunin 21. This column summarizes total 
sky ccFver for each record observation. The tenths 
value that is entered represents thd last sl^y q&vi^r 
symbol in column 3 whether thin or opaque; for 
clear sky enter "C* Column 21 is the only Hourly 
• $l>nimary column. The next columns are synoptic 
data columns. ' 

9-4. Synoptic data. Foldout 4 illustrates entries 
in th<^e columns for a 24-hour observing day. Col- 
umn 42 entries divide the observing day into peri- 
ods of time bdlwecn 6-hourly observations from 
midnight tb* midnight. Thcicntrics are for local 
standard times at which 6-hourlies arc taken. The 
"Mid to '0543'* covers the period from 0000 LST 

- to 0543 LST, The pc?iod from the Uist 6^ioudy of 
the previoiL^ day \o the 6-hourly at 0543 is sum- 
marized on the next line. 

9;5'. In column 44, enter the amount of total 
precipitation (liquid and water equivalent of solid 
precipitation) that falls during each period speci- 
^ fied in column 42. Enter amounts in inches and 
".hundredths or "T" for trace and *'0*' for no precipe- 
itation. 

9-6. Column 45 is used to enter the amount of 
solid precipitation that occurred in (he 6-hours 
preceding the observation. Column 46 is used to 
record the accumulated solid precipitation depth at 
thc^timc of the 6-hourly precipitation. 

9-7. The important thing to remember is that 
these columns (45 and 46) actually apply to all 
solid forms of precipitation, and since hail and ice 
pellets are uncommon occurrences, you should 
check to see whether the proper entries have been 
used as directed by FMH-J. Particularly when 
hail or melting occurs, operationally significant re- 
marks aro required in column 90. 

9-8. Stimmary of the day (columns 68-73). 
Record the total 24-hour precipitation that occurs 
. frwn **mid to mid" in column 68. From foldout 4 
this represents the sum of the amounts in column 
44. Record the 2|t-hour, mid to mid .snowfall in 
column 69. Again] this is the sum of amounts in 
column 45. The total snowfall with jhe *'6** ir^- 
catcs no actual depth accumulated. Column 70 
represents the ^epth of solid precipitation on the 
ground at 1200 GMT as measured to the nearest 
inch. • X 



9-9. There are summary columns for peak wind 
speed and direction during the 24 hours eliding at^ 
midnight. Enter this data only when the .station has 
a continuous wind recorder, such as the RO-2 or 
GMO-20. Coliimn 7r provides for entry of the 
peak sB^ed entry to the nearest knot. Column 72 
provijjedfor enlr^ of (Ji^^ction in tens of degrees 
any ih. recorded a.s two digits, and column 73, the 
local standard tiihe^ of peak- wind speed occur-' 
ccnce. If the same speed occurs ^lore jhan once, 
enter the time of the last occurrence with a foot- 
note reference, »ind in column 90 enter the addi- 
' tional times. 

9-10. Column 90, Coluam 90's title. Remarks. 
Notes/and MiscelKmcous Phenomena. cxpLiins its 
purpose adequately. This column is space for all 
the explanations to clarify entries in other columns 
or to describe: conditions iiffecting recorded ob- 
servations. A few brief examples are listed.4 

• Miscellaneous hydrometeors» such as glaze. 
s rime, frost. 

• Luminous meteors, such as aurora, halo, 
coroni. 

Storm damage from hail, wind, or flood, 
tornado, funnel cloud, or waterspout. 



Data regarding tornadoes that is not entered 'in the 
column 13 remark, such as path width, cloud ap- 
pearance, rate of movement, type of path (straight 
\5r swerving), is entered in column 90. 

9-11. There are numerous remarks about the 
precipitation summary columns listetl|in FMH-1, 
which should be recorded in colv<mn 90. For ex- 
ample, note in foldout 4 that when hail falls and 
the antount in column 45 lyis an asterisk (*) at- 
tached, the remark •**Hair is entered in column 
90. Keep in mind that column 90 remarks clarify 
entries in other columns.' This ^an be important 
after aii aircraft mishap when the investigating 
board is seeking causes for the mishap. 

0-12. Active runway and equipment change re- 
marks arc erftered in column 90. Enter the time 
(LST) and active runway, when weather sensor 
equipment is changed as a result of a change in the 
active runway. An entry is not required on a new 
page for the same day' of the ftTrm unless a change 
actuaHy occurs. On the firsv-f^agc for each new 
day, enter the active rtinway number currently in 
use. 

9-13. General Rules. Any organized recording 
form, such4i!i AWS Form 10, needs rules to regu-' 
late its use. Rules covering legibility, data separa- 
tion, missing entries, statistical data, obscrvatiim 
identifiers, and contractions fall under general 
rules. Occasionally, a mistake is made; therefore, 
provisions are needed to correct the mistakes. . 

9-14. Recording ruios,^ When you make an 
entry, make it Iqgiblc. Avoid fancy pjjnman.ship 
Use bold, capital letters (small letters -have too 



ERIC 



50 



many individual styles) thai filf about three- 
fourths of the vertical space i>clween lines. LegibiU 
-Ay is the key point. 

y 9-15. Any data entered in column 13 that is 
not intendeH for longliM trwwMssion is set off in 
parentheses ( ). The I -minute cunway visibility 
entry- illustrates this. When yon find it necessary to 
separate d^ia to avoid con^sion between ^^oded 
groups, use ^^nt line (7). One wfrticular use of 
the slant occur* between remarks "^nd the 3- or 6-, 
hourly coded data. Slant lines also indicate missing 
data or undejerminable data when you use it in 3- or 
6-hourly coded groups. When spd:ific data is miss- 
ing in individual columns, the prm)er entry there is 

9-16. Each Observation you make is identified. 
This ideplificalion includes observation type, ob- 
semtipn titne, and observer.* Observation type, R. 
RS, §,^br L, is entered for record, record specifil.' 
special, or local ih column 1'. whereas column 2 
provides for the observation time entry. The time 
refers to the time that you actually observed ihe^ 
raAelement. The "filing time" is when you deliver 
^S5x Report to communications or transmit it. Col- 



umn 2 times tire in local standard time, and col: 
umn 13 times are in Greenwich mean time. Each 
15"* of longitude equals 1 hour*s difference from 
Greenwich time. ^Wcst Ibngilude is earlier* thim 
Greenwich, and ca^ longitude, later; You, as the 
observer, make the last identification for the ob- 
servation by entering your initials in column 15. 

9-17. Correctiorts. Two rules apply to correc- 
tions. One is for errors^discovercd bcfoje .diNsemi- 
nation, the other for errors discovered aftcfr dis- 
semination. In the first case, simply erase of draw 
a line through the error and make the correct 
entry. For errors that you discdVer after dissemi- 
nation, draw a red line through the incorrect entry 
and make the correct entry in red above tho err<)r. 
If the correction is transmitted, dnter "COR" iiv. 
red in column 13 and follow it by the "fihng time" 
or "actual transmission" time if ^ you miikc the 
transmission. Remember, discovering a mistake 
and doing nodiing about it h a greater error than 
just making a mistake. * • ,i ' ^ 

9-1&J Refer to the chapter review e.xercise 
items'in your workbook and answer the I'tems for 
these last two sections of Chapter 1. • 
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M T TfnS POINT in the courspi you have stud- 
-Txicd considerable informatiDn about making 
that diversified and highly perishable product 
"i^called a weather observ^on. Xou have reviewed 
the product in the general terms of weath^ sys- . 
iRnsuand •metc^orological principles, and progressed 
to the specifics of qbserving, identifying, and re- ^ 
cording the many individual elements involved. 
You have studied the mathematical operations in- 
. volved in deriving data. You have reviewed the 
use Of the various instruments and equipment that 
help you measuie weather ^tenents. You need this 
inlSrmation to observe thfl^dny weather ele- * 
ments, correlate the data thitVou obtam, ajjd re- 
cord the observation on AwS Form 10^ in a definite 
'format. As you have probably _guessed by now, 
this format was devised to meet two needs: speed 
and standardizatibn. 

2. Speed in encoding an(J rvording observa-. 
tions has always beeni important. You can tak^^a 
greater number of observations per unit of time fn 
symbolic shd^and thanryou coulfi if you ♦had to 
write out the ob«ervatiofi entirely. ITie symbol . 
"—X" is considerably easier and quicker to write 
downthaA the condition >it represents — "partly ob- 
•"scured condition." Those whq dev^ed weather re- 
porting coSts were quite aware that a method of 
reporting must bejagth rapid: and universally un^ 
derstood. This is just as obvious now as it ;yas 
then, You have to bcftrief, yet clear. ^ 

3. To facilitate clarity and < understanding, 
standard symbols were devised to represent sky 
cover and weather elements. Ilules were estab- 
lished for reporting numerical values, , and a defi- 
nite sequence for reFk)rting data was established. 

4. The brevity of airways encoding creates the 
(.need for accuracy in recording and subsequently 

disseminating an observation. Erroneously report- 
ing an aircraft ceiling as A2© when it is actually 
A20'© can easily aflfcct aircraft operations, since 
the first report borders upon instrument flight rule 
(IFR) minimum conditions and the second rejJort 
* represents visual^flight rule (VFR) conditions. If 
you omit' a figure in the report, it^cap.phange the 
report significantly. It is obvious that if you report 

•. " ' 

• 52 



the visibility as "IV^*" when it is "Vi," aircraft^p 
erations will be affected by the erroneous insertion 
of the extta figure. 

S.'^^lfe chapter has two sections. The first sec- 
tion (Bscusscs in detail the encoding of surface ob- 
servations and pilot reports^ that are usually handled, 
in the weather unit. The second section discusses 
the dissemination of weather data and the different 
processing and display procedures involving it\%^ 
type data, -facsimile charts, RAREPs, and satellite 
charts. » 

10. Types of Observations 

10-1. In Chapter 1 of this volume you learned 
how to enter your observations correctly on AWS 
Form 10. Now you will study the types of observa- 
tions and the cp^led format required when estab- 
lished observing criteria are met. We will answer 
such questions as. when should you take and re- 
cord a special obs.ervation? What columns are' en- 
coded for a special observation? What dd you do if 
your observation becomes invalitfl)efore you can 
disseminate it? These questions are the primary 
concern of this section. 

10-2. Before^ you examine each type of surface 
observation and its proper, code format, you 
should know that wit^ ^ few exceptions an airways 
code report includes two things. Fi^st, it includes 
the station call letters (provided by teletype curcuit 
operations in most cases). The call sign for i;epbrt- 
ing stations is always indicated by a three-letter 
designator for areas within the United States. Sec- 
ond, an airways code report includes the entries in 
columns 3 through 13 of Eorm 10 except for the 
coknan 13 data in parentheses. Even though other 
Form 10 columns are necessary, for the completion 
of all observations, we are discussing here only 
those colunms that are actually used to make up 
airways reports. For example, column 1, type of 
observations, is not a part of the airways code. 
Column 17, though used to obtain sea-level pres- 
sure and altimeter setting values, is also part of 
the code. 

10-3. The airways "code is derived from the 
order (sequence) of entries of.the^individual ele- 



incuts on Form 10. Therefore,^ the airways code 
follows the same pattern as the recorded observe-^ 
tion. The coded form diffSr^ only in .the method* of* 
indicating element separation. All airways code re- 
ports arc classified' into three basic types: record, 
special, and local observations. 

, l()-4: Record Obscrvatiocu Record Qbscrvations 
are frequently referred to,as hourly, 3-hourIy, and . 
6-hourIy observations. Record airways, code re- ' 
ports are scheduled^ for hourly transmi^ion over 
longline communications circuits. Since the o\y 
servatioo* is- transmitted on the hour, you should 
starp each record observation before the hour, al- 
lowing sufficient time to encode and disseminate 
the observation over, teletype. Usually, you should/ 
observe all elemeots of the" observation within 15 
minutes preceding the time of dissemioation. This 
means that if you, complete your record observa- 
,tion 2 to 5 minutes before the hour, no element 
should be observed more than IS^minutes before 
' the actual time of the observation.. Of course, this 
is only applicable t6 the elemeqts that you observe 
and not to elements ^^ou appejid to your observa- 
tion, such as pilot report data and similar additions 
from other sources. Let'^ examine tho^ encoding 
procedures for hourly record observations. 
, 10-5. Encoded hourly airways observations use 
the following Form 10 column entries: 
^ a. Column 3, Sky Condition. ^ 
icCoIumn 4, Prevailing Visibility, 
c. Column 5}- Weather and Obstructions to Vi- 
sion (when applicable). 
d: Coluinn 7, Temperature. ' 
e. Column 8, Dewpoint. • ^ 
. /. Column 9, Wind Direction. . ' 

g. Column 10, Wind Spc^d. ^ ' . 
A. Column 11, Wind Character '(when appli- 
cable). 

/. Column 12, Altimeter Setting. 
/. Column 13, Rertiarks as appropriate.. 
« 

lO-fi! !?0urly airways code observations differ 
from' 3- and 6-hourIy observations in two ways. 
Hrst^ no sea-Ievel pressure (column 6) is eifcoded 
for hourly observations, and second, coIumn^l3 
entries for hourly observations .are restricted tdthe 
following data: 

a. RVRorRW. 

&. Obscuring phenomena. 

c. Wind shifts. 

d. Magnetic wind (selected stations only). 
Bases and tops of layers. 

/. All other reniarks pertainitig to previously 
coded elements. 

4 

/, g. RADATor RAICG (when available). ^ 

h. Runway concttuons. * 

/. Rin group (HoO GMT hourly ojnly, when 
scheduled). 



Naturally, it is a rare situation when even half of 
these entries are entered on a single hourly record* 
observation. ' . * 

10-7. In the earlier discussion of surface ob- 
servations (Chapter 1), you learned 'the way to 
make erftries in each column of Form. 10. How-, 
ever, you do have a problem in knowing which 
column and supplemental data entries ar^ neces- 
sary ,for a particular observation. The preceding 
pragraphs list all entries that make \xp an hourly 
airways observation. Examine foldout 4 to see 
whether or not the Tiourly observations contain the 
required data. . 

10-8. Notice how simple it is to encode airwajs 
reports— you only need to know which polumns 
and data make up an observation' and when td 
begin an observation. Let's examine two hourly 
airways reports from foldout 4 and see how they 
appear in the final coded form. The observation at 
0656 LST^s encoded as: 

FWR O 7I/65/I7I3GI9/979/AC NE 

. 10-9. Not|(e the way, that the data is taken 
fron^^the Form 10 entries. There is a space ba- 
tween the station call letters (FWR) and the sky 
condition (O) and also between the visibility 
(10) and the temperature (71) elements., The 
temperature, dewgoint, winds; and altimeter "set- 
ting, are separated by slants. The spacing is -better 
illustrated by the way the J[^56 observation is en- 
coded «ito airways code. 

FWR I5©250R36©21/2TRWA 72/71/22I8G36/ 
974/RCD©450/ T AND OVHD 

MOVG E FQT LTGICCC N^E^ A B56 
HLSTO \/A VS^ EI PK WND 22/36 54 

10-10. This example shows the correct format 
when you have numerous entries. There is the 
standard space between thd call lexers and the sky 
data and between th6 weather and temperature 
data. Slants separate each column entry except 
those entries that all pertain to one element, such 
as the wind. The column 13 remarks are added in 
the prescribed order as listed in paragraph 10-5. 
This example shows a Radar Cloud Detection Re- 
port (RCD) remark which has priority over the 
succeeding remarks. Notice that following the, 
RCD remark, Sll other remarks are entered with- 
out regard for any specific order. This enables you 
to encode all remarks as you observe them, rather 
than waste valuable time arranging them in a cer- 
tain order, or possibly omitting them. The main 
concern is that you encode all operationally signif- 
icant remarks as listed in FMH-1, and any addi- > 
tional remarks if ypu think they contribute tp'the 
observation. ' 

10-il. Hourly record observations combirted 
with 3- and 6-houriy observations enable ^inter- 
ested agencies to have an airways report for each 
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Figure 20. Example of coded 3-hourly record obscrvauon (airways code). 



• hour of the day. The 3-hourly observations' are re- 
corded at 0300, 0900, 1500, and 2100 GMT. The^ 
6-hourly observations are recorded at 0000, 0600, 
1200, and^iSOO GMT. 

10-12. The 3-ho,urly observation is encoded the 
same as hourlies e.xcept that you must include cer- 
tain data and coded groups as follows:- 

a. Sea-level'pressure (column 6) 

i.^app 

c. ICdCmCh (when clouds are present) 

c 

10-13. Foldout 4 shows examples (four per 
day) of 3-hourly observations. To entode these 
observatiojy, ^pllbw the sam? rules that you^uie 
for Hourlies except th^it you iixlufle the sea-level 
pressure and the 9^e3 ac i^^^nal data groups. 

• Figure 20i»aii.ex^i|ple o: ; 3 "ourly observation 
and shows the way That e element is arranged 
in code. Notice thatf here a separation ^between 
obstructions to visio t ancf wie sea-level pressure 
and that the. coded c ita is separated ^ftom the re- 
marks by a slant. 

10-14. TI)e 6-hourly observation is jthe remain- 
ing type of record observation taken at a weather 
station. This recprd observation type differs from 
3-hourly airways code observatWn only in the in- 
structions for column 13 coded data entries. For a 
6-liourly, these entries are: ^ 

a. appRR 

b. ICi.CmCh 

c. 904spsp (when»applicable} 

d. Tn/xTn/x (when required) 

e. 2R24R24R24R24 (1200 GMT only) 

f 

10-15. Foldout 4 shows four examples of 
hourly record observations. The pbservation at 
1 155 LST appears in coded form as : 

FWR M42(ID80ei5 081/86/58/1808/977/CB SSW- 
W MOVG UE TCU ALQDS RWU SW 
BINOVC/ 703 197/ 61 

10-16. As yoit can see, record observations re- 
quire few specild instructions if you have entered 
the data on Form 10 correctly. One of youl main 
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cqpcerns is to complete each record observation in 
the desired time period .(2-5 minutes before the 
hour). This is especially important when your ob-. 
servation elements are analyzed with surrounding 
stations orfa weather map. Elements of your ob- 
servation that are taken unnecessarily early often 
result in an unreliable analysis. This is one reason, 
why you should rea4 the barometer (last element 
to be observed) as close to^he hour as possible. 
Let's take the case of a frontal zone near ydur sta- 
tion. Suppose a nearby station .reads its barometer 
10 minutes earlier than yQU. When a fast-moving 
cold frorft'is present in the^area, this'could cause 
an erroneous analysis of the speed at which the 
front is moving:, ^^^len elements of your observa- 
tion, change significantly -during the time period 
between record observations,^ you should take and 
encode a special observilUpn. The requirements for 
a special observation ar^ given in the following 

' paragraphs. . '7'^ ^ 

10-17. Special Ohservdtioiu FMH-1 lists' the 
criteria for taking special observations. We will 
give you these important criteria and show you the 

" way special olgervatioris are taken whenever oper- 
ationally significant conditi9ns are present. You 
must know what meteorological situations are crit- 
ical at your station. For*cXample, an airbase whose' 
operations Involve departures of fighter aircraft al- . 
most exclusively has meteorological interests cjift ' 
ferent from those of a base "whose mission i^/ta 
provide transpoft'service for overseas areas. 5^* 

10-18. Encoded special airways observations 
use the following Fortn 10 entries: 

a. Column 2, Time (convert to GMT). 

b. Column 3, Sky Condition* \ 

c. Column 4, Prevailing Visibility. 

d. Column 5, Weather and Obstructions to Vi- 
sion (when applicable). 

e. Column 9, Wind Direction. 
/. Column 10, Wind Speed. 

Column 11, Wind (Character (when appli- 
cable). 

h. Column 12, Altimeter Setting, y 
/. Column 13, Remarks. 
(1) RVRorRVV. 
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(2) Obsctifing phenomena. 

(3) WSHFTS. 

(4) MAG wind (selected stations only). ^ 
" (5) MSL bases and tdps of layers. « 

(6) Remarks pertaining to preceding coded el- 
. ements. 4 ' 

(7) Runway condition reading (RCR) remark. 

10-19. Naturally, these elements represent the 
maximum number of entries made on a single spe- 
cial observation. To better understand the encod- 
^ing of special o^rvations, let's examine the man-. ' 
datory^ criteria ror encoding special observations. 

10-20. Ceiling ojui sky condition, Talce special- 
observations within 15 rtftnutes after you return .to 
duty fqlloWing^a b,reak in the houriy observation 
schedule. Also take special observations for ceiling 
and sky condition ^hen: 

a. The ceiling forms below, dedreases to less 
than, or, if below, increases to equal or exceed: 

(1) 3,000 feet. ^ 
• (2) 1,000 feet. ' ' 
.(3) 500 feet. 

(4) All nationally published minima, applica- 
ble to the airport, listed in the Coast and Geodetic 
Survey (C&^GS) Instrument Approach I^rocedure 
Charts or Department of Defense Flight. Informa- • 
»tion Publications (DOPFLIPs). 

(5) Values establi^he^loeSlly because of^their 
sipiificance to aircraft operations. , ' 

b. Qouds or obscuring phenomena aloft are 
present belOw: / * 

( 1 ) 1 ,000 feet and no Ihyer was reported below 
1,000 fe?t in the preceding "R," "S," or "RS" ob- 
servation. 0 , * , / . 

(2) The highest published instrument mini- 
mum applicable to the airfield, and no sky cover • 

t was reported belovl this Jieight nn the prfevious 
"R," **S," or oUervation. - 

10-2i. Prevmling "fisibility. Take spedal ob- 
servations for prevailing visibility, when the visibil- 
ity decreases to less than, or, if below, increases to 
equal or^exceed: / ^ 

a. 3 ajiles. n 
2 miles, (f 

c. IVz milQs. 

d. 1 mile. # 

e. All nationally puWished* minima, applicable 
.to the airport, listed in the Coast andfGeodetic 
'Survey (C&GS) Instrument Approach Procedures 
Chains or Depahment of Defence Flight Informa- 
tion Publications (DOD FLIPs). 

/. Values established locally because of their-^ 
significance to aircraft operations. 



10-22. Runway visual rang0. Take sppcial ob- 
servations for runway visual range when the 10- 
minute mean RVR decreases to less than, or if 



55 



vbelow, increases to eqjual or exceed e^ch nationally 
published minimal applica|)Ie to the runway in use. 
10-23. Tornado, funnel cloud, watersf^oUf, and 
' thunderstorm^ ' 

a: Take special observations when a tornado, 
funnel oloud, or waterspout: ^ 

(1) Is observed. . 

(2) Disappears from sight. 

(3) Occurs within the past 6 ftours and is re- 
ported by outside, sources but has not been ob- 
served or recorded at the station. 

^ * b. Take special observations when a thunder- 
storm: 

(1) Begins (a sjjecial is not required to report 
the beginnirig of a new thunderstomt if one is cur- 
rently reported as in progress.at ^he station). 

(2) Increases inintensity (TtoT + ).' 
^ (3) Ends (remember, a thunderstorm has not 

ended until 15 minutes after thunder w^s last 
heard.) , 

10-24: Precipitation, wind, and wind sffiffs. 

a. Take special observations for the different 
types of precipitation when' the following occurs: 

( 1 ) Hail begiJis or ends. 

(2) , Freezing precipitation begins, ends, of> 
changes in intensky. 

(3) * Ice pellets begin, end, or change intensity^ 
• (4> Precipitation (other than very light) Begins 
ox ends. ; ^ 

b. Tak^.a sp^ial observation for wind speed 
when the average 1-minute wind speed suddenly 
increases to, twice, or more than twice, the cur- 
rently reported 1-minute wind speed and exceeds 
^6 knots. . ^ ' 

c. Take a special observation for -a wind shift 
when the wind direction changes 45"^ or more, and 
takes place in^less than 15.minutes. 

10-25. Special observations for these severe 
weather occurrences may be reported as a single- , 
element special observation. This means that you 
only need to transmit the ijime of the observation 
and the appropriate remark. For example, . 

PWR 113 IZ UNCONFIRMED TORNADO 20 W 
FWR MOVG El 112 
« 

Single element special observations are also au^ 
thorized for reporting funway conditions. For ex- 
ample, for packed snow on the runway, decelerom- 
eter reading 15 is encoded PSR 15. 

10-26. Presently, these are the reqi^rements for 
taking special observations. There are, howe.ver, 
many other meteorological situations, which you 
may think are significant to aircraft operations and 
which you should take as a special observation. 
Foldout 4 shows examples of both mandatory spe- ^ 

\ 
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cials and operationally significant specials. Fot ex- 
ample, at the 0111 LST special, the observer re- 
ported the presence of a 2/10 partly dbscured sky 
condition which lowered the visibility to 3 miles. 
Again, for the special at 0235 LST. the observer 
felt that changes in *thc ceiling h(;ight and visibility 
were operationally significant. Foldout 4 also 
shows several examples of special observations^- 
cyrring at record obseiVatioa times, ^ 

. 10-27. Local Observation, Local observations 
• may be taken and recorded at any weather observ- 
ing station. Local observations are wcordird only 
on Form 10 at Air F6rce stations that do not have 
a pcrmanenj printed record of each observation 
(jElectrowritcr, etc.). With the exception of local 
observations taken for an "aircraft mishap/' local 
observations include one or more elements but 
usually include fhc following^ ^ r^, 

a. Time. ^ 
. h. Sky condition. 

c. Prevailing visibility. 

d. Weather and obstructions to vision (when 
a*pplicableX 

tf. Altfmetqi^setting. 

/, Remarks, as appropriated \ 



(1) Time. 

(2) Ceiling and sky. ; 

(3) Weather and obstructions to vision. 

^ (4) .Wind directipi, speed, and character. 
* (5) ' Altimeter setting. 
(6) Remarks, as apptopri^te. 

This observation is not required if the station has 
single instrumentation vyhich is installed nearer the 
midpoint than the end of the runway, or if the sta- 
tion docs not have ceiling, visibility, or wind 
equipment installed on any runway. 

c. ^aken at stations required.to report RVV or 
1 -minute mean RVR an'd: 

(1) Criteria for taking RVR or RW observa- 
tions are first' met, and when the criteria are first 
^ted to^o longer exist. 

(2) RVR or RVV decreases to less than, or. (if 
below) increases to equal or excce^l, each RVV or 
RVR minima applicable to the runway in use. 

(3) Rnn(d)VVNO or lMRnn(d)VJlNO is 
first required to be reported for the runway in rfse, 
anrf\vhen it is first determined that the contra^ticfn 
is no longer applicable, provicled conditions for re- 
porting RVV or RVR exist. 



iL Taken and disscinlnated for altimeter set- 
tings. • ' ' 

(1) When necessarv to meet local require- 
ments, which arc determined locally through coor- 
dination with using ui^encics. 

(2) Upon request. 

(3) ' At a fcequency.not to exceed 35 minutes 
a. Taken and recorded immediately followm^/^ since the last determinfltion. 



' 10-28. Local policy generally pj'escribes mctcpr- 
oldgical conditions that require local observations 
at the^ation. ifocal observations are <ilso'tak<n 
for thcTollowing required (FMH-1) conditions. 
When these conditions exist, local observations 
should be: f 
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notification of an aircraft n(Tishap occurring at QPlfe^ 
near the station unless there has been Uft intcrven- *^ 
ing record or record special observation. Such ob< 
scrvations consist of 'all elements normally in- 
cluded in' A record observation except sea-level 
pressure and are identified in remarks^as "ACFT 
MISftAP," plus any other desirable explanatory 
material. If the report is disseminated, the renjark 
"ACKT MISHAP'' is not included. An "aCFT 
.MISHAP*'>local o*bservatipn n6ed notbe recorded 
for inflight , emergencies, i.e., those dcclaredjo re- 
flect an unsafe Condition which coutd adversely af- 
fect the safety of the aircraft. However, such 
inflight emergencies should alert the observer to in- 
tensify the weather >yatch and to take and dissemi- 
nate weather data as necessary to insure maximutn 
support to the aircraft in distress. If the inflight 
emergency results in an accident or incident>>the 
"ACFT MISHAP" local observation is Ihcti re- 
quired. 

b. Taken following notification of a change in 
the runway in use. If the runway is dually instru- 
mented,* change weather sensors and allow suffi- 
cient titne to update with current infor;nation be- 
fore taking the observation. Inclulle the following 
elements in this observation: 
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0-29. An exception to the requirement of 
^(3) Ubove is granted at locations vy)icre there is 
limited itfr traffic, no air traffic control' personnel 
on duty, etc., provided: ^ , ^ 

rt. The base commander and local agencies con- 
cerned agree in writing (the agreement must be re- 
confirmed annually and when signatories are reas- 
signed). - ' 
/>. Firm pcocedures are established to insure 
that the observer is notified at least 30 minutes 
prior to each airpraft arrival and departure, and 
c. 'the altimeter setting is redetermined within 
30 minutes prior to all aircraft arr[vals and depar- 
tures. 

•At locations^ where the local dissemination device 
does not provide a plrinted record, local observa- 
tions whiqh^ contain only an altimeter setting necd^ 
not be recorded on AWS Form 10. providing'the 
altimeter is recoiidcd in the Remarks section "^f 
AWS Form 40. Local Dissemination Log. 

10-30., Since local observationji are normally 
entered only on the Elcctrowritcr or a similar com- 
munications device, the proper encoding format is' 
shown in Volume 3. In addition to correctly en- 
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coding your surface observations ia tljepropcr for- 
mat, you are also responsible for encqdiflg pilot re- 
potts^ which b our nexf subject. " 

10-31. Pilot Reports. Suppose an aircraft de- 
parts another airbase at 1115 LST time tmd lands 
at your airbase, 400 miles away, at 1330 LST. 
The aircraft c'ommi^nder tells the duty forecaster 
that he was flying a C-47 at 10,000 feet and that 
he expfcrienced light to moderate turbulence 'dur- 
ing the entire flighl. He also says that thcfe h a 
|ine of building cumulonimbus clouds 35^niiles 
west' of the station. What is the value of this re- 
port? 

10-32. Reports such as this alert the forecaster 
to areas of actual turbulence. Pilot reports provide 
information that, genefajly/ cannot be obtained 
from.oiher sources. These reports also identify sig- 
nificant phenomen/j in the areas between reporUnd 
stations. 

10-33. your job in handling pilot reports is to 
insure that each pilot report is encoded correctly 
and that it receives the proper dissemination, This 
requires 'that you know- the types of phenoinenn 
that are commonly reported and the way that ax^h 
element is. arranged. The first coded elements of 
any pilot report arc the location and the time of 
observation. ' 

10-34. Location and time. The location or ex- 
tent of phenomena and the observation time are 
very important parts .of thc'encodcd pilot report." 
^ Following your station call letters and the contrac- 
tion. *TIREP;* each coded report begins wipi the 
Bpcation.or extent of phenomerfa. Tliis elchicnt of 
-PIREP^ode is reported as thoMpcation of the phe- ' 
- nomcnon relative to your sfation or another na- 
tfonally known point.*j:or example,' the location 
(extent), of i line of * thunderstorms can be cc- 
• ported as "20NE BLV«75WSW RAN.'' Another 
example of expressing the existence of a given 
phenomenon along a flight route is to give the de- 
parture and destination points, such as "GUS- 
LCK,'* which indihitcs that the occurrence is 
almost .continuous between 'Orissom AFB and 
^Lockbome^AFB. All cJistanCes are given in nautical 
miles except visibility, which is expressed in statute 
miles. 

10-35. When*entered in its proper position, the 
location appears as: 

RAN PIREP 30NW RAN 
RAN rtREP RAN-SOF 
RAN PIREP OVR DEN 
RAN PIREP 30NE STL^L 

These arc four typical examples of the first coded 
clement of a- PIREP which is the location. Imme^ 
diatel^ following this clement, you enter the time' 
^of observation. 

10-36. Sometimes when pilot reports arc re- 
ceived cither by radio communications or person- 



, ally from the pilot, tlt^ time of the actual observa- 
tion is confused with^other times. For.example^ 
while in flight, a pilot rdporu a thunderstorm that 
he observed 20 minuses ago. After .some additional 
delay, tl;e report reaches you; the only time. you 
receive is the timc'of the pilot's repori~20 min- 
utes after the storm occurred— and the report you 
receive may not indicate that the thunderstorm oc- 
cjirred 20 mjnules hcfore the pilot's report. 
Whether the forecaster, control lower personnel, 
or you receive the pilot report, make every effort 

. to determine the actual lime of observation. You 
ma^ have to ask the pilot spe'cifically what lime he' 
observed the phenomenon'^if you arc unsure. 

10-37: TEncode the time of obs(*rvation tc\ the 
nearest .whole minute GMT, folIo.wing the location 
or extent of phenomena. For/Jxamplc, 

RAN PIREP 30N\V RAN 1131 
RAN PIREP RAN-SOF 1115-1316 

10-38. The second example of an' observation 
lime f 1 115-1316) represents a ,^tuation in which 
the pilqt r-cporls phenomena along n route 
(RAN--SGF); these times indicate that the pilot 
started his obscrvatic5n at 1115 (over RAN)'and 
ended it at 1316 GMT (over SGF). This method 
of reporting observation times for point-To-point 
reports is .better than using only one time. This 
gives the people w^Jjo interpTet the data a much 
better idea of the time that the phenomenon ag- 
'tually' occurred alongMhe route. When you have 
correctly identified these elements' in' the coded 
PIREP. enter the text (type of phenomena) of the 
report, 

. 10-39. Types of phenomena. This portion of 
the PIREP code contains the actual meteorological 
occurrences that the pilot is reporting^ Your job is 
to enter these phenomena, using accepted weather 
symbols, contractions, ^d plain language, in a 
format ^hat is easily understood. Before examining 
some common entrie^, let's discuss some general 
rules that pertain tp encoding PIREP phenomena 
and aissociatcd elements. 

a. Encode'thc heights (altitudes) in the PIRE?» 
i^in hundreds of feet MSL. This is no major prob- 
1cm because pilots. report heights in feet MSL. The 
main thing to remember i^ not to convert these 
heights to jh(f reportable values that you use in • 
column 3 of Form 10. , 

, b. Another general rule is to identify each ele- 
ment by an authorized weather and Intensity sym- 
bol when possible (thunderstorm « T, heavy 
raihshower^ RW +). For cloud types, use the 
international cloud abbreviations (cumulus » 
CU, cumulonimbus « CB). 

c. When a pilot reports a phenomenon that 
cannot be explained with a standard symbol or ab- 
breviation, use the mbteorological contractions 



213 



£103 



listed in the FAA Contraction Manual la explain 
the phenomenon. If you cannot find a suitable 
contraction or if the contraction could be misinter- 
preted, use plain language to explain the situation. 
For pilot reports of hazardous weather, use plain 
. language remarks as required. 

10-40. Hazardous weather. Hazardous weather 
conditions ye considered phenomena which pre- 
sent an. immediate danger to life and property, 
'whether a{ the. earth's surface or in the atmos- 
•phcre. Sbme examples arc hail, tornadoes," funnel 
clouds, waterspouts, thunderstorms, widespread 
duststorms or sandstorms in which the visibility is 
reduced to less'than 2 miles, and lines of cumulo- 
-nimbus clouds (squall lines) that are capable of 
^ producing severe weather. Encode the more severe 
forms of these phentDmena in plain language and 
the associated elements in standard contractions, if 
• possible. For example, ^. . 

TOP PIREP 20W MKC !2!5 TWO FUNNEL 
CLOUDS SIGHTED MOVG Z 
*AMA PIREP 40W AMA-75E ELP 1347 WDSPR 
SANDSTOJ^^I VSBY RSTRD TO 1/2 MI 

^ 10'41. ThesV two PIREPs show how hazardous 
weather is encoded in both plain language and 
contractions. The jdea is to encode the data in a 
concise but clear manner. In the second PIREP, 
sandstorm is entered in plan language to insure 
that it is not ifiistaken for other data or over- 
looked. The other contractions- are standard me- 
teorological contractions that are commonly used 
b#personnel associated wfth flying operations. 
16-42. Use symbols and intensity signs if the 
liazardous weatfier phenomena can. be encoded 
without their being mistaken for other entries. No- 
tice the following typical examples: 

RA^ PIREP>HUF.-10W EW' 1538-1601 LN T-f 

TOPS 37(M0O * 
RAN PIREP I5W SPI 1735 LRG CB TOPS 370 
'RAN PIREP !5W RAN 1600 RW + HAIL 60 CB 
DSNT W 

10-43. In these examples, you can see that you 
must determine the order of entry for each ele- 
ment, using your judgment as the guidq. Eacli 
weather symbol used in these examples is easily 
understood. Notice that by listing the heights after 
the type of phenomena, the location is further 
identified. In the PIREP that contains heavy rain- 
showers and hail (RW+ HAIL), the height 
6,000 feet (60) explains the level at which the 
pilot experienced or sighted this phenomenon. 
Some phenomena observed by pilots in flight pre- 
sent no hazard to people or objects on the earth's 
surface, but do pose a serious threat to flight oper- 
ations. These types require special encoding proqe- 
dures. 



1044. Turbulence. All aircraft have structural 
limits. Turbulence ft an atmospheric condition that 
not only taxes these structural limitations but tends 
to disrupt the aerodynamic forces that are essential 
for flight. One form ot turbulence is associated 
with convective cidud forjns. Because they are a 
definite hazard to them, pilots are trained to avoid 
these areas of Jjprbulencc near convective clouds. 
Another type of turbulence, clear air turbulence 
(CAT), poses a greater threat to the pilot because 
it or the conditions causing it cannot be seen. Tlie 
pilot has no warning of wherg^^t exi.sts and the en- 
coding of CAT reports has special significance to 
all agencies involved in flight operations. 

10-45. There are four standard contractions^for 
turbulence intensities: 

LOT (light)' 
' MDT (moijcrutc) 
SVR (severe) 
EXTRM -(extreme) 

The term "TURB/' (ov turbulence is entered im- 
mediately following .the intensity when the t>irbul- 
ence is not associated with clear air, When the , 
pilot reports turbulence but "indicates that he was 
*in the "clear." enter the contraction VCAT" fol- 
lowing the intensity instead of "TURB " For ex- 
ample, moderate turbulence over Clyinute AFB 
(Rantoul) at 1202 GMT and moderate dear air 
turbulence over Topeka at 1132 GTM arc en- 
coded as: 

RAN PIREP OVR RAN 1202 MDT TURD ^ 
RAN PIRfiP OVR TOP 1132 MDT CAT 

10-46. Docs this report indicate that "CAT* is 
present over .Topeka? Yes, but at what level? 
Moderate turbulence for what — a fighter aircraft 
or bomber, such as the B-52? As with .other haz- 
ardous phenomena, turbulence requires an altitude 
at which the turbulence was experienced; for ex- 
ample, MDT CAT 70-80. 

10-47. Each PIREP containing a report of tur- 
bulence must have either the aircraft type included 
with' the coded data or the remark "ACFT UNK." 
Without the type of aircraft* the forecastcr^or pi- 
lots cannot fully evaluate the intensity of the tur- 
bulence. A large transport aircraft may report no 
turbulence, btit docs this mean that a smaller craft 
will not experience turbulence? 
' 10-48. This is why many pilots report the ab-, 
senc<5 of turbulence and their aircraft typJe so that 
their report can be fully evaluated. Surely other pi- 
lots want to know areas that are free from turbul- 
ence as well as the "turbulent" areas. Fqr this situ- 
ation, enter the remark "NEG TURB" followed 
by the altitude and aircraft type. 

10-49. Icing. Icing is another phenomenon that 
alters or influences the aerodynamic forces which 
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act upon an aircraft. Icing is ^encoded in IPIREP 
formal similar to turbulence entries. The intensi- 
ties of Iciog are shown below f' 

TRACE (xnce) 
LOT (light) 
^ MDT (modcnre) ^ 

HVY (heavy) 

10-50. There are two basic types of icing^ — 
rime (RIME) and clear (CLR).'When both rirfte 
and clear icing conditions are encountered, the 
pilot reports this icing as mixed (MXD). The type 
of icing follows the intensity in the PIREP format. 
The contraction "ICG** for icing is entered after 
the type of icing. For example, rt pilot flying a 
C-5A reports thai he is experiencing heavy clear 
icing at 6.500 feet MSL. Encode this as: 

HVY CLR ICG 65 C-5A 

10-51. To make this a cbmpletc report, add the 
term "PIREP/* the location or extent of the phe- 
nomenon, and the time pf observation. As shown 
in the example, you should show the altitude qf 
icing (65) and .the aircraft type (C-5A) just as 
you do fpr turb'uknce.' The aircraft type is re- 
quired on all reports of ieing or turbulence. In ad- 
dition to turbulence apd icing, PIREPs often con- 
tain bases and tops of sky cover. 

10-52. Sky cover Encoding sky cover data 
(bases-and tops) in PIREP form is an easy task. 
Just apply the same rules that are discussed in ' 
Chapter 1 for pilot report data. For example, use 
appropriate sky cover symbols, if possible, and en- 
code the bases or tops of each layer kf hundreds of 
feet MSL. Suppose that a pilot reports cloud hxyc^ 
/at 4.000 .scattered; 6.800 broken with tops at 
7.500; a layer at 30.Q00 amount unknown. These 
data arc encoded in*PIREP form as; 

400' 68(0)75 300 U 

10-53. Thunderstorm. Encoding thunderstorms 
is also very similaj to encoding them for the Re- 
marks scc^on on Form 10, as discussed in Chapter 
1. for exainple. If & pilot reports a broken line of 
thunderstorms 30 miles south through west of 
Rantoul with bases at 3,500 and tops at 40.000 
with occasional lightning in the clouds, these data 
arc encoded in PIREP form as: - 

LN rS^MS 30 MlVw RAN 35(0)400 

OCNL ltoic 

^ 10-54. Since thunderstorms usually cause such 
extreme conditions, you may receive some other 
common types of phenomena. Some of the more 
common are; 

• Electrical discharge. 
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• Tcmpcratures*(extreme). 

• .Winds aloft (strong). 

• Condensation trails. ^ 

i 

10-55. Electrical dischju-ges are reported by an 
aircraft* when they actually strike the aircraft in 
night. Tliis is encoded in the PIREP as "DIS- 
CHARGE" followed by the altitude and type of 
aircraft. 

10-56. Temperatures are encoded in PIREP 
code form by the contraction 'TEMP' followed 
by'the actuaUtcmpcratur6 in degrees Celsius. The 
procedures for encoding temperature data in the 
PIREP form vary somewhat. Tliree common ways 
to encode a temperature of - 14°C at 6.000 feet 
' are as follows: 

TEMP -14 60 
TEMP MS 14 60 
TEMP MINUS 14 60 

Though the last example for encoding temperature 
data is u^ed by some stations, the first two exam- 
ples are the reccJTnmcnded entries for PIREP code. 

10-57. Winds aloft reports are indicated by the 
contraction "WND.'' Follow this contraction, with 
the true direction from which the wind is blowing 
(290 « 290^) to the nearest lO'^ and the speed 

to the nearest knot, such as: 
« 

WND 270 35 KT 70 
or 

» WND 27(^/35 70 

These examples show the two most cOnmioQ meth- 
ods of encoding wind data for a PIREP. In both 
examples, the wind reported by the pilot is at 
7,000 feet MSL from 270^ at 35 knots. ' 

10-58. Condensation trails are indicated in 
PIREP form by the contraction '^CONTRAILS" 
followed by the altitude and the aircraft type, such 
as: 

CONTRAIIiJ 450 FII! 

In addition to turbulence, icing, and electrical dis- 
charges, contrails are the only other phenomena 
which require that the aircraft type be included 
with the report. 

10-59. Pilot reports which contain htucardous 
weather phenomena need to be given immediate 
local dissemination and transmitted longline as 
weather warning bulletins. Tliese phenomena are: 

• Tornadic activity. 

• Severe or extreme turbulence. 

• HaU> 

• Severe icing.' 

10-60. As indicated earlier, pflot reports do not 
necessarily follow a standard format. Certain phcj 



nomcna or situations that the pilot observes re- 
* quire the use of contfacdons or plain language that 
we have not discussed in this chapter. We have 
shown yoa,the most common types of phenon^ena 
that are reported by pilots and the way to encode 
this data in PIREP- format.' AWS units 'are re- 
quired to enter all useful pilot reports on AWS 
Form 12, Pilot Report Form, This form not only 
aids in the encoding of PIREPs but also provides 
information on the proper use and dissemination 
of PIREPs. 

10-61.' AWS Form 12 Entries. This form is ea^y 
to complete and is a written record of the report. 
Kgure 21 is a sample pilot report for longline dis- 
semination in Pn^P form. Extract the elements \ 
as previously, discussed and prefix youirstation call 
letters to the report. Wh^n encoded, the PIREP in 
figure 21 appears as: 

BLV PIREP lONE BLV 1443 TRW ALWDS LGT 
> TURB 90 T-.29 

10-62. When a problem that is* not explained 
arises in regard to entering pilot report data on 
AWS Form 12, let your judgment prevail. Re- 
member, the primary concern is to haVe a report 
that can be used effectively. The forecaster knows 
which PIREPs are important meteorologically, 
and when he is on duty, he is required to review 
each PIREP before its transmission. PIREPs that 
you can includejwith your airways observation will 



eliminate the need for mab'ng separate transmis- 
sions. 

10-63. Encoding airways and PIREP code 
forms is an everyday task> for most observers. 
Also, a routine task is disseminating and process- 
ing weather data. We will discus^ disseminating 
and processin g * TO i i ther data in the next section. 

10- 64. Before proceeding further, refer to the 
chapter review pxercises in the Workbook and an- 
swer the questions for Section 10. 

11. Disseminating and Processing Weather 
Data 

11- 1. In Volume 1, Section 10, we covered the 
various types of communications and copying 
equipment such as: 

Autographic transcribers. 
Intercommunication systems (INTERCOM) 
Telephone. 

Tape recording devices. 
Pqny circuit. ^ 
Weathervision. 



In this section we explain the techniques used to 
dis^minate weffher data by autographic transcrib- 
ers and intercommunications systems. Also, we 
will explain the steps in processing and displaying 
weather data received from the various types of 
equipment. 
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2. LOCATION OR EXTENT OF PHENOMENA 



See instructions on reverse. 



4. PHENOMENA AND ALTITUDE 



1. DATE/TIME PIREP RECEIVED 
J. TIME OBSERVED 



/• P IJU ALQ-09. 



g. eVALUATtON FOR DISSEMI N ATtON (For A, B. Mid C. "X** mpptoptlmf.) 



5, Aircraft type 



A. tyOC A DISSEMINATION 



S. LONOLINE OlSSCMlNATION 



IS. UA Q wo 



0. tNITIALS 


lyClTR 


oasvR 




csB 



PRCVIOUS EpiTlON WILL BC USED. 



25-109 PILOT REPORT 



Figure 21 . Sample pilot report foroL 
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* 11-2. Local Dissmination. Since your primary 
concern wjien working, in the^ROS is the weather 
conditions in the vicinity of your base, it is impor- 
tant to furnish all operationally important reports 
in your station's locaf area to the weather station, 
base operations^ control tower, GCA units, other 
airgound communications sites, and as many other 
local interests (squadron operations, etc.) that de- 
sire them. These reports are disseminated locally 
by the equipment covered in the following para- 
graphs. 

11-3. Autographic transcription. As stated in 
Volume 1, Section 10, theje are several types of 
autographic transcribers used at weather units. 
Many are known by various trade names. The 
Electrowriter and Telautpgraph are very common 
to the weather station because of their ability to 
copy any form of writhig and symbols. - 

IM. Regardless of the type of equipment .you 
use to disseminate your observations, your unit 
Will have a standard procedure established to dis- 
seminate your data. This standard format will be 
based on the FMH-1 required entries, and usually 
follows across AWS Form 10 from column 1 
through 13. The following is an example of how 
your dissemination procedures may be outlined 
(detachment operating instructions) in your 
weather unit: 

-\ 

DISSEMINATION PROCEDURES 
' 1. Space all entries on the T/A evenly and write large 
enough to make for easy reading (use block letters). 

^ Six mandatory requirements for each transmission, 
except for testing are: 
fl. Identity of station (RAN)." 
^•.W^^y of ^transmission by' type (R,- RS, S, L, - 

c. Day/time (ZULU )^ of the obscrvadon. (L6/ 
1456Z). V* 

d. Message content. Form 10 eferies: Column 1 
through 13 except SLP; omit 3- & 6-hourIy addi- 
tive data. 

e. Actual time of transmission in hours and min- 
utes, (1457Z). 

/. Initials of person making transmission, (CB). 
3. Use ^e following in placing data on the transcriber. 
a. Clear sky—use CLEAR. 
Wind. . - 

(1) Calm^seCALM. ^ 

(2) Direction, magnetic only to nearest 10 de- 
grees in 2 digits. 

(3) Speed, /fti 2 digits. 

(4) Exampli: 0309. 

c. Altimeter, Ui 4 digits and flag all altimeter set- 
tmgs with ^ALSTG--ALSTG 3002, 

d. The contraction "ACFT MISHAP" is never^dis- 
. stfmmated over the transcriber. 

4. Example: 

RAN R 16/1456Z 
CLEAR 15 92/66 
0309 ^ ALSTG 3002 

1458Z/CB 



11-5. Intercpmmunication system (INTER- 
COM). When speaking into an intercom . sys- 
tem you' should talk at a moderate speed and 
speak very clearly. As you are estabUshing your 
first contact, be sure to identify yourself since 
there may be more than one unit using the same 
intercom. For example: THIS IS WEATHER and 
conclude with the word OVER. After communica- 
tions have been established, and when confusion 
is unlikely, go ahead with your report as follows: 

a. CLOUDS. State cloud heights in hundreds 
and/or thousands of feet, Report ceiling classifica- 
tions as follows: . 

A as PILOT REPORTED CEILING 

E as ESTIMATED CEILING . 

B as BALLOON CEILING 

M or R as MEASURED CEILING 

W as INDEFINITE CEILING 



Partly obscured and obscured conditions: 

X or -X as SKY OBStURED or SKY PARTLY 
' OBSCURED 
SKY PARTLY OBSCURED— ESTIMATED CEIL- 
ING TWO THOUSAND 

SKY OBSCURED— INDEHNITE CEILING— VER- 
TICAL VISIBILITY ZERO 

SKY OBSCURED— INDEFINITE CEILING— VER- 
TICAL VISIBILITY TWO HUNDRED 

b. VISIBILITY. Relay the visibility in statute 
or nautical miles according to local dissemination 
policy. 

VISIBILITY ONE SIXTEENTH 
VISIBILITY THREE QUARTERS 
VISIBILITY ONE AND" ONE HALF * 
VISIBILITY FIVE 

c. ATMOSPHERIC PHENOMENA and OB- 
STRUCTIONS TO VISION. Report atmospheric 
phenomena and obstructions to vision in accord- . 
ance with FMH-1. Announce the intensity as: 

HEAVY, MODERATE, LIGHT, or VERY LIGHT. 
VISIBILITY ONE QUARTER FOG 
VISIBILITY TWO LIGHT SNOW 
VISIBILITY ZERO HEAVY THUNDERSTORMS. 
AND RAIN SHOWERS 

d. AIR and DEWPOINT TEMPERATURES. 
Air and dewpoint temperatures are given in de- 
grees Fahrenheit. Use the words PLUS and 
MINUS only when reported values are close to 
zero and are subject to misinterpretation. 

TEMPERATURE THREE SEVEN— DEW POINT 
ONE SIX 

TEMPERATURie MINUS ONE— DEW POINT 
'MINUS FIVE 

e. WIND. Report the wind direction in tens of 
degrys usu3g two digits. Magnetic winds are given 
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when reporting local surface conditions and true 
winds are given when relaying surface observa- 
tions from other installations and winds aloft; ho^y- 
ever, identify magnetic winds only when there is a 
reportable difference between the magnetic and 
true headings. Report the wind speed in knots by 
using one or two digits. 

WIND MAGNETIC ONE FIVE ZERO DEGREES 
AT ONE TWO - ^"'^ 
WIND THREE SIX ZfiRO DEGREES AT ONE 
FIVE GUSTING TWO SEVEN 
WIND CALM 

WIND VARIABLE AT THREE 

WIND ZERO SEVEN ZERO DEGREES VARIABLE 

ONE ONE ZERO DEGREES 

WIND ZERO NINER ZERO DEGREES VARIABLE 

FOUR 

/. ALTIMETER. Report the current altimeter 
setting in four digits. 

ALTIMETER TWO NINER EIGHT NINER 
ALTIMETER THREE ZERO ONE FIVE 
ALTIMETER TWO NINER SIX EIGHT 

g. REMARKS. Jlemarks are relayed in plain 
language. Report variable ceiling, visibility, and 
wind conditions as outlined in FMH-1. State sec- 
tor visibility in the sane manner as prevailing visi- 
bility. ~. ^ ^ . 

VISIBILITY two VARIABLE FOUR 
VISI?IUTY NORTH THREE - SOUTH ONE AND 
ONE HALF 

Report amount and type for partly- obsconed con- 
dition as: 

SKY PARTLY ABSCURED - FIVE TENTHS SNOW 

h. ADDITIONAL BHJIASES. Use the follow- 
ing words and phrases.as appropriate: 

CORRECTION An error has been made in the 
transmission (or message indicated). 
The correct version is . . 



GO AHEAD 
OUT 

OVER 

ROGER 



STAND BY 



Proceed for your message. 

This conversation is eilded and no 
response is exp<icted. 

My transmission is ended and I ex- 
pect a response from you. 

I have received all of your last 
transmission — to acknowledge re- 
ceipt; do not use for any other 
purpose. 

I must pause for a few seconds. 



11-6. The follo^^ng \s an example of an air- 
ways observation as it would be given on the inter- 
com system using the examples listed in para- 
graphs 11-5. 



5CDM10(ID250©3V8F- 65/65^27 15030/984/ VSBY^ 
N 1 1/2 

FIVE HUNDRED SCATTERED— MEASURED 
CEILING ONE THOUSAND BROKEN— TWO 
FIVE THOUSAND OVERCAST— VISIBILITT 
THREE EIGHTS— FOG— TEMPERATURE SIX 
FIVE— DEW" POINT SIX FIVE— WIND TWO 
SEVEN ZERO DEGREES AT ONE FFVE-OUST- 
ING THRE6' ZERO— ALTIMETER TWO NINER 
EIGHT. FOyR— VISIBILITY NORTH ONE AND 
' ONE HALF— OVER 

11-7. Once you complete local (dissemination 
and read back, your next priority is to makc:the 
fongline tr^iismission with the ADCAD/0>!^ 
Weather System. These alphabetical characters are 
abbreviations for Airways Data^- Collection and 
Dissemination and Operational Weather Support 
"Systems. As you may remember from Volume 1, 
Section 10, the ADCAD teletype system is located 
in the representive observation site for transmitting 
observations. 

1 1-8.. Longline Transmission, Flying s^ety and 
^he success^l achievement of missions demands 
accurate, up-to-the-minute weather information on 
a rfationwide basis. The ADCAD/OWS system 
was designed to do this task. The networks are dis- 
cussed in more detail in Volume 3, Chapter 2. The 
•> system consists basically 6f two paralleling eight- 
ctrcuit teletypewriter networks. These circuits, op- 
erating at 100 words per n^inute, radiate from the 
Air Force Weather Relay Facility, Carswell AFB, 
Texas, to points throughout the United States. 

11-9. To assure maximum circuit utilization 
and the orderly collection and dissemination of 
regular and special category weather information, 
a special "programmer" was^signed. Basically, 
the programmer will : 

£f. Sequentially' scan each station on each circuit 
for regular or special category traffic. 

b. Automatically interconnect (switch) circuits 
of t]he ADCAD and OWS networks in various pre- 
deterniined combinations during the period re- 
served for hourly collections. When the program- 
mer sends out a code ib a specific station, the 
equipment automatically transmits to the line. 
Each circuit could bq compared to a "party line"; 
. that is, when one station transmits, the weather 
data is copied by all other stations on the line. 
With these ideas in mind, let's take a look at the 
types of weather messages that contribute to the 
overall weather communications transmission. 

11-10. H-Time messages. "H-Time" messages 
(polling cycles) are the autoniatic scanning of the 
programmer to collect hourly observations. This is 
done hytiht ADCAD/OWS programmer transmit- 
ting the station's Transmitter Start Code (TSC), 
which causes the ADCAD-outstation code genera- 
tor to generate the system Start Of Message Code 



(SOM). With your observation tape properly pre- 
pared and inserted in the transmitter, your ob- 
.servadon is automatically transmitted in proper 
sequence, when youj, station is seamed by the pro- 
grammer. " 

ll-II, When the hourlies have all been trans- 
mitted on^ the circuit and your station is assigned,"" 
the pfogrammer returns the circuit to "T-Time" 
polling cycles. ' 

11-12. T-Time messages/ "T-Timt'' messages 
(polling cycles) are for transmitting special ob- 
servations. When tiie ADCAD/OWS programmer 
transmits your station's TSC, your station auto- 
\ matically responds with any special observation 
you have inserted in the transmitter. During the 
numerous 'T-Time" polling cycles, there' will be 
many instances in which you have no specials to 
transmit When this happens, the SPACE answer 
back code is then automatically generated and"sent 
to the line. It is recognized by'the programmer in 
the Orswell Relay Center monitors, causing it to^ 
poll the next station in the polling cycle. 
^ .11-13. Meanwhile, y9ur fellow observer work- 
itfg the communications room of the weather sta- 
tion has tiie Operational Weatiier Support (OWS) 
system; this system consists of the 28 Automatic 
Send/Receive (28 ASR) teletypewriter which was 
shown and discussed in Volume 1, Section 10. All 
traffic from the Q^JS" system is sent by the auto- 
matic transmitter, which is part of the 28 ASR. 
Let's take ajook at the types of transmissions that 
are sent from the weather station OWS system. 

11-14. Special category collections, Certam 
traffic to be transmitted on the OWS network must 
be collected during specific polling cycles. To dif- 
ferentiate this traffic from other weather data, it 
has been designated special category traffic (SPs). 
The time during which SPs are collected varies; 
they are collected according to published schedules 
for the system. These schedules are listed/in ApSR 
105-2, Volume 2, Weather Communications Op- 
erations and Management. 

11-15. The 28 ASR teletypewriter is arranged 
to transmit five types' 6f SPs. Presentiy, only twd 
types of traffic have been classified as' special cate- 
gory, which are as follows: * 



SDUS 

TAFOR/PLATF 



rrefinitim 
RADAR Storm 
Detection 
Terminal Forecast 
Coded/Plain 
Language 



'SP Keys 
SP I 

SP 2 



At the time.tiiat SPs are to be collected, the pro- 
grammer transmits one of the special two letter 
codes. This code causes all statioi^ having de- 
pressed die corresponding SP buttoh to return to 
the polling cycle. Conversely, those stations which 
do not have an SP to transmit will not respond to 
TSC during tiieSP polling^'cycle, 
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11-16. Service interruptions, -Whenever your 
communications services are interrupted on 
ADCAD COMET I or OWS COMET U (CONUS 
^leteo^oIogical Teletype System), promptiy notify 
your local American Telephone & . Telegraph 
(AT&T) servicing test center (STC): This mini- 
, mizes the inoperative time. Also, notify the 
weather relay center of service interruptions; this 
is done by a TYPNO (contraction used to advise 
the weatiier relay facility tiiat the station's com- 
munications equipment is out of order). 

11-17. For brevity, use operating signals with 
each TYPNO-TYPOK message. To explain spe- 
cific deficiencies not covered byihe operating sig- 
nals, you may use plain language. All TYPNO 
(OK) messages are transmitted over COMET II. 
Prepare them to provide the following data to the ^ 
net control center: 

• Circuit number of the system affected. 

• Desdiption of the interruption. 

• MANOP heading of the last message re- 
ceived prior to servicd interruption or the 
first message received after restoration of 
service. 

11-18. Transmit all TYPNO (OK) messages to 
Weather Relay Center at the first available general 
scan period. Whenever the transmit capability of 
COMET n is lost, you must telephone your mes- 
sage to a station with a transmit capability. Prompt 
receipt of service interruption messages fcpm your 
station allows the center to plan I method oStrans- 
mitting the missed data to your station when service 
is restored. Do not assume that the center will an- 
nounce when a programmer or local channel fails^ 
thereby eliminating ypur requirement to transmit a . 
TYPNO (OK) message for the outage. Always ini- 
tiate service interruption messages, because jhe 
trouble may be at your station only. Failure to no- 
tify the center of teletype outages results in delay 
of essential data that is missed during the outage 
period. Now that you hav^been introduced to the 
weather con^munications responsibilities of a 
weather observer, let's examine some procedures 
for processing the weather data received via these 
various communication systems. • 

1 1-1 9. Processing Weather Data. While on duty 
in th^ weather station you are continually process- 
ing weather data of all types. Most of this data is 
received via communications equipiflent, such as: 
( • Teletype. 

• Facsimile. 

• Radar. 

• Satellite. 

Your knowledge of the basic procedures involved c 
in processing this data will-help you to move on to 
advanced procedures as you^continue to mature as 
Va weather observer. 
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Figure 22. Example of radar summary chart. 

11-20. Teletype data. Processing teletype data 
is a task that varies considerably at each station. 
The reason for the variability is twofold: the 
♦amount of space available, and the mission of the 
base. Each station is a^anged individually toisat- 
isfy the customers' needs with the space available. 
For example^ the weather requirements at a MAC 
base will be somewhat different from those for a 
SAC base. Consequently, the arrangement of the 
teletype data should be such that it satisfies the re- 
quirements for brieMg either a MAC or a SAC 
crew. ^ 

11-21. Sinceyour duty assignment requires you 
to work m the weather station, you will be contin- 
ually filing and posting the incoming weather mes- 
sages in th^ir conect place. Knowing all the 
weather bulletins by their nufherical designations 
and being familiar with the content of each would 
be asking next to the impossible. There are'many 
people who know most of the bulletins and their 
contents* This is something that you acquire^ifter 
years of frequent posting and filing of weather bul- 
letins. It is not necessary at this stage to force 
yourself to learn the designation of all the weather 
bulletins. It is helpful to know some of those jou 
frequently use. For example, the mainland of the 
U.S. is divided into eight separate weather circuits 
for collection of airways (SAUS) bulletins. In 
addition, you should learn where to look to find 
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specific information. AWSM 105-2, vilOme 1, 
Weather CommunicationSr gives you flata type 
content designators and AWSM 105-2, Volume 2, 
Weather Communications, gives yon bulletin con- . 
tents, etc In addition to teletype . data needing 
processing, you should bif aware of the processing 
of weather facsimile charts. 

11-22. Facsimile charts. Facsimile weather 
maps ~arc a very valuable tool tb the forecaster in 
presenting his briefings to the viiri6us aircrews. At 
many stations, observers are encouraged to color 
facsimile charts before they are posted in the brief- 
ing area. Each local detachment commander de- 
termines what processing, how much, and what 
type of system is used. These ^es and systems are 
explained in AWSM 105-22, Local Weather 
Analysis Programs, Another type of chart you 
should be familiar with is the radar chart. 

11-23. Radar charts. Figure 22 is an. example 
of a radar summary chart, which may be colored 
by the observer before posting 'in the forecaster's 
briefing area. The area of echoes (A) is shadowed 
in yellow, a line of echoes (B) is drawn in red, 
and an area of severe weather (if any) (C) is 
drawn in black. Here again, the detachment com- 
mander determines how much and what is done to 
each chart before posting. There is also a new type 
chart now received in the weather station. It is the 
satellite chart. * 

11-24. Satellite charts. Recalling Volume 1, 
Section .10, and figure 60, you'll recall that we dis- 
cussed a new type recorder "tised in the weather 
» station. This recorder is^ed to record satellite 
charts. 

1 1-25. The TIROS Operational Satellite (TOS) 
is illustrated in Figure 23. The Advanced Vili- 
con Camera System (AVCS) equipped sa^l- 
Mite provides daily global picture coverages. The 
Automatic Picture Transmission (AFT) equipped 
satellite provides immediate readput of cloud pic- 
tures to suitably equipped* ground stations. Both 
types of satellites travel m circular, sun-synchro- 
nous orbits at an altitude of 790 nautical miles. The* 
TOS system will be replaced by the Improved 
TIROS Operational Satellite (ITOS) System, 
which will combine stored data and APT, both 
day and night, in a single earth-stablized vehicle- 
.as shown in^ figure 23. The data are collected at 
the Command Data Acquisition (CDA) stations. 
These CDA stations are presently located at Wal- 
lops Island, Virginia, and Gilmore Creek, Alaska. 

11-26, The National Environmental Satellite 
Center fNESC) provides the processed data from 
the CDA station to the Forecast Office Facsimile 
Networks (FOFAX) to transmit (via telephone 
lines) to the various stations located on FOFAX 
NETs. There are three of the networks: GF 
.10206, 10207, and 10208. These networks ^re 
leased from American Telephone and Telegraph 

64 2<^iJ 



(AT&T) and m tiira provide you with the satellite 
products. • 

11-27. Processing of these 'various satellite 
charts is usually part of the forecaster's function; 
however, you may l?e encouraged at some detach- 
ments to help process these charts by attaching 
several charts together to obtain a larger picture 
and possibly^ outline the United States and your 
local state area on the chart in grease pencil. As 
stated previously, each detachment commander 
will determine how much and what type of proc- 
cs^g is done by the observer before posting the 
charts in the briefing area. ' 

•11-28. Before proceeding to our next subject, 
Radar Storm Detection Observations, txm to your 
workbook and complete the chapter review exer- 
cises for Section 11. . 

12/ Radar Storm Detection Observations 

Radar provides weathermen with a tbol -which 
permits the detection of storms and predpitation 
under conditions when the visual observing meth- 
ods fail. Taking radar observations involves more 
than merely turning the radar set on and off. It 
also involves being able to present a descriptive 



picture in a standard coded format that all users 
can interpret. Your progress toward the 5-skill- 
level AFS requires you to develop skill in using the 
capabilities and knowing the limitations of weather 
radar. As part of tbfc dual-channel-4raining con- 
cept, a review of the knowledge portion of your 
upgrade tr^tirthg is t6 be derived from this chapter. / 
You may recall that radar was a subject ,at Chan- 
iite AFB in the weather observer course. The pur- 
pose of the radar in that course was to present ma- 
terial necessary for an observer to fulfill his duty 
requirements; hence, there was little discussion of 
radar theory, and greater emphasis was placed on 
classification, recording, and dissemination of 
radar weather observations.. In this section, our^ 
emphasis will ^continue along thl^ line with addi- 
tional discussions toward further understanding 
the characteristics and Ihnitations of radat as they 
affect target detection and scope presentation. * 

12-1 . Radar Reports. Meteorology is a relatively 
new science. The use of. radar to identify and ob- 
serve precipitation areas and associated cloud pat- 
terns has significanlfy advanced this new science. 
Radar has done for meteorology what the* X-ray 
has done for medicine. Both have allowed internal 
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Fig^e 23. The TIROS operational satellite system. 
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examination and extensive Observation from a 
point outside the subject of study. Both have 
proved to be valuable analytic ^ Bnd^ diagnostic 
tools. Just as Xrray helps a doctor to understand 
the nature and^'extent of a malignancy, so radar 
enables the weatherfnan to learn more about the 
mtensity and extent of a storm. 

12-2. Gleaning information from the radar set 
is one thing; passing the information to other inter;- 
ested units is another. "Reporting radar weatiier ob- 
servations, which includes recording elements of 
the observation on the radar recording form and 
encodmg the observation for transmission, is tiie 
next topic of discussion. Since the transmitted 
form of tile observation follows the form and man- 
ner of entry on the radar recording form so- 
r closely, recordmg and epcoding are practically 
> done simultaneously. 

12-3. In tills section we wiH discuss the ele- 
ments of a radar observation and the way to trans- 
form tiiese elements mto RAREP code. To. do 
this, you must know when to take radar observa- 
tions and hojv to report them. 

12-4. Reporting Radar Obscrv^ttons. Each 
weather detachment, with a radar storm detection 
set, such as tiie AN/FPS-77, provides weather 
radar surveillance ' for its area. Because of the 
r^mge limitations of weather radar sets, tiie surveil- 
lance area is usually \^itiiin a 200-'mile radius of 
the station. 

12-5. One of tiie prime purposes of weatiier 
radar surveillance is the early detection of hazard- 
ous weather phenomena. The list of hazardous 
weatiier phenomena includes, but is not limited to, 

• tiie followmg: 

• Tornadoes. 

• Hailstorms. 

' • SquallJmes (rapidly moving or developing). 

• Tropical cyclones. y 

12-6. CSenecally, you report these phenomena 
in RAREP code during normal operation. But 
when tiiey are first detected, give top priority, es- 
pecially for local agencies, to the immediate dis- 
. semination of RAREPs for tiiese phenomena. 
When tiie RAREP involves tornadoes or severe 
thunderstorms, transmit tiie report as a weather 
warning (WO) message. 

12-7. The way that you report radar observa- 
. ,tions depends tipon whether or not the station is a 
primary network radar station or an alternate sta- 
tion, or perhaps is not evem designated. Our dis- 
cussion is based on the assumption tiiat if you 
knpw radar reporting procedures for a primary 
station you should have no difficulty m adjusting 
to the radar reporting procedures for an alternate 

> station. . ^ r 

\ 12-8. Hourly radar observation. Each AWS 
unit supporting, the national radar network is re- 

• sponsible for making a teletype transmissionin the 



hourly radar collective. This means that, even if 
you observe no significant echoes, you must trans- 
mit an operational' status report each hour. For ex- 
ample, when an hourly observation shows that no 
♦significant echoes", are, present oji tiie scope, you 
transmit tiie contraction "PFINE" each hour lyrtil 
echoes appear on tiie scope. Otiier appropriate op- 
erational status contractions are listed separately in 
this section. 

12-9. When you observe reportable meteoro- 
logical echoes on the radar scope, you must rcfport 
an hourly radar obsei^vation as illustrated op. the 
ra*dar recording form (foldout 5). Reportable me- 
teoi'ological echoes are all precipitatien Echoes and 
all jine lines associated witii meteorological dis- 
cofitinuities (such as dry cold fronts, prefrontal 
wind shift lines, and sea-breeze fronts). 

12-10. When you report hourly radar observa- 
tions, begin the observation at a time tiiat enables 
you to complete it 40 minutes after the hour or 
earlier: In some cases, you may exceed tiie stand- 
ard time because of unavoidable circumstances; 
' however, make every possible effort to complete 
tiie hourly observation no later than 40 minutes 
after the hour. Again, as witii airways code, you 
should observe all the elements of tiie observation 
within 15 minutes of tiie last entry (time of re- 
port). Between hourly observation times, special 
radar observations may be required. 

12-11. Special radar observation. Special radar 
observations can be compared to special observa- 
tions for airways code reports. As witii airways 
-code, special RAREPs are encoded whenever sig- 
nificant changes occur. Unlike scheduled hourly 
observatictfis, social observations include only the 
echoes of special interest Be sure to report the se- 
lected echoes in complete detail, including remarks 
to add significant details. Take abbreviated special 
radar observations and encode them when you first 
observe echoes of the following categories and 
then every 15 minutes thereafter as long as they 
persist: 

cf. Echoes of "very strong" intensity. 
6. Echoes of "strong" intensity located in or 
near a severe weather forecast area. 

c. Convective echoes witii features (such as 
hooks, holes, and appendage) y^ich are charac- 
teristic of severe weather.* / 

d. Convective echoes whosi projected patiis m- 

tersect.* i 

e. Convective echoes witii severe weatiier po- 
tential, whose tops are within 5,000 feet of tiie tro- 
popause, exceed the tropopause^or equal or ex- 
ceed 5Cf,000 feet MSL.'^ 

/. Convective echoes witii intensity greater 
tiian "moderate" tiiat persist at tiie same location 
for an hour or more.* ^ 

g. Line echo wave pattern (LEWP). 
Note: Asterisked (*) items should include de- 
scriptive remarks. 
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12-12. You should also take special radar ob- 
servations and the indicated action when any of 
the following situations occur: , ^ 

a. Encode and transmit information concerning 
tornadoes and severe thunderstorms, whether veri- 
fied or not, that are reported to be oc6urring or 
might have recently occilrred within radar rarige. 

b. Enpode and transmit a complete special 
radar observation immediately when you receive 
information, whether verified or not, that an air- 
crafty is in distress within the maximum range of 
the radar. 

c. Encode, but do not transmit, a complete spe- 
cial radar observation immediately when you re- 
ceive information, whether verified or not, that an^ 
aircraft accident^liBs occurred during the past 30 
minutes within range of the radar. * 

d. Encode and transmit information concemibg 
the eye or center of tropical storms and hurricanes. 

e. Encode and transmit a special observation 
immediately when you receive information, 
whether verified or not, that a flash flood is occur- 
ring or has rjwrently occurred within radar range of 
the station. 

/. Encode and record a complete special radar 
observation upon receiving any information, 
whether verified or not, indicating that an aircraft 
mishap' mayT^gjte occurred within the maximum 
effective range of the radar within the past 30 min- 
utes. Identify the observation in remarks as 
"ACFT MISHAP* and include any other desira- 
ble explanatory information. If the information 
, from the observation is locally disseminated, the 
remark "ACFT MISHAP" should not be in- 
cluded. 

12-13. Enter special radar observations on the 
radar recording form in the same maimer as ' 
hourly radar observations with one exception — en- 
ter the cQiltraction "SPL" in the left margin. 
Transmit sp^ial radar observations with a GMT 
time group if the Special fjrils at an unscheduled 
transmission period. ^ a 

12-14. With the wccption of some hazardous 
weather radar reports and the special report, all* 
reports are enco3ed in the same basic format This 
means that 3-hourly and hourly reports are all en- 
coded in the same format. This is unlike airways 
code in which each type of observation has a dif- 
ferent encoding format. Like airways code, encod- 
ing RAREPs requires ;i ba>ic understanding of the 
*^ elements that comprise the code. 

12-15. Radar Elements* Elements of the radar 
report are indicated on the radar recording form. 
This form lists the elements in the order (se- 
quence) that you encode them in RARE? code; 
therefore, the discussion of the elements also re- 
veals the code form. TTie first element of a radar re- 
port, echo character, describes the general shape 
or form of the echo(es). 
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12-16. Echo character. As we mentioned in 
Section 8 of Volume 1, echoes are primarily de- 
scribed aS cells, lin^or areas. Table 17 lists other 
echo patterns that may be reported. Most tehoes 
are further classified as to extent of coverage — iso- 
lated, widely scattered, scattered, broken, or solid 
These descriptive terms refer to the "character" of 
the echo pattern. Table 17 lists the various classifi- 
cations of character, defines these classifications, 
and indicates the contraction to enter on the radar 
recording form for each classification. 

12-17. An echo pattern that is a line is a logical 
arrangement of echoes into a line pattern. The 
term "line" is not restricted to echo patterns^ asso-^ 
ciated with a front or squall line. A line has a 
length-to-width ratio of at least 5 to 1 and is 
usually at least 20 miles long. 

12-18. You determine echo coverage by decid- 
ing how much of the reported area is covered by 
the echoes. The element that follows the echo 
character is the echo type or kind of precipitatiop. 

12-19. Echo type. As indicated eariier, radar 
echoes are priri^rily the result of precipitation 
within the cloudier fallmg from the cloud. Table 
18 shows the standard types of precipitation that 
you record following the character of the echo. 

12-20. Though thunderstorm activity in itself is 
not a precipitation type, enter a "T," representing 
thunderstorm activity, whenever the echo presen- 
tation indicates ponditions characteristic ^f diun- 
derstorms. For* example', enter a radar, report of a 
broken line with thunderstorm activity and rain- 
showers as "LN TRW." Foldout 5 shows exam- 
ples of radar observations using the symbols 
shown in table 18. 

12-21. It is not always -practical to' determine 
and report every kind of precipitation within an 
echo system. Rather, your radar observation 
should reflect the type of precipitation associated 
with the maximum observed intensity for convec- 
tive systems. For nonconvective systems, report 
only the*type that is predominant throughout the 
echo system. However, when you think it is signifi- 
cant, report a secondary precipitation type. On 
foldout 5 the observations at 0238 and 0337 QMT 
show examples of two precipitation types for an 
echo system. When you determine the type pf pre- 
cipitation based on the reflectivity measurements 
and the vertical structure of echoes, use other 
sources of information, such as weather maps, sur- 
face weather reports, visual observations, and PI- 
REPs. 

12-22. Echo intensity. The intensity of an echo 
is determined by the strength of the return signal 
relative to fhe range of the target. Both the 
FPS-77 and CPS-9 weather radar sets have con- 
trols which help determine the reflectivity of 
echoes. Volume 1, Section 8, explains the proce- 
dures for obtaining echo intensity with the 
FPS-77. 
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Classification of Echoes 



CHARACTER OF ECHOES 

CHARACTER 

Isolated echo : . . 

Widely «cAttered area . . . 

Scattered area 

Broken area . * . 



Solid area 



Line oC widely 
scattered echoes . . . . , 
Line of scattered echoes . 
Line of broken echoes . . 
Solid line of echoes. . . . 
NSpiral band area . . ' . . 



■ DEFINITION « CONTRACTION 

Jndepend^t convective echo CELL 

An area less than 1/10 covered with echoes' . . ' AREA WDLY(T) 

Afi area 1/10 to 5/10 covered with echoes .' ' aREAU) 

An area 6/10 or more covered with ecfloes, 

but with breaks ^ AREaCO) 

Contiguous echoes covering usually more - 
than 9/10 of the reported areas. * . . . \ . . 



Stratified elevated- echo 

^<©/.(ID -(D), 



(See widely scattered area) 

(See scattered area) - 

(See broken area) 

(See solid area) 

Curved lines of echoes, including wall cioud. which 
occur in coijnection with a hurricane, tropical storm, 
or typhoon . . . 

Precipitation,aioft . . , ' ^ 




line 



Narrow, non precipitation echo associated 
with 



SPRL BAND AREA 
LYR 



lilJiM^^iSiSiasjii FINE LN / 
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Table 18 
PREapiTATiOH Symbols 



PRECIPITATION SYMBOLS 

* 

RW Rain Showers 
R Rain 



T Thunderstorms 
ZR Freezing Rain 



V 


INTENSITY 


FOR PCPN SYMBOLS ABOVE 






Very Light 


- - , Heavy 


/S + 




Light 


'Very 


ivy ++ 


* 


Moderate 


No Sign Unknown 
♦ / 

1 


■ U 



I^IECIPITATION SYMBOLS, 


•NO INTENSITY 


SYMBOLS US?D. 






L 


Drizzle 


0 

A - Hail 


S 


« 

• Snow 


IP - Ice Pellets ' 


sw 


Snow Showers 


IPW - Ice Pellet Showelrs 


ZL - 


Freezing Drizzle 
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• 'Table 19 
iNTENsnr Relationships 



Reflectivity 
0.0 Log Z) 


Echo 

Intensity 


Intensity 
Symbol 


meore^— caj. 
Rainfall Rate 
(inVhr) 




Very weak 




<0,01 


•ll:-30 


Weak 




O.Olil^l 


31-it6 


Moderate 


No entry 


/ 0,1-1.0 

f 


LT-57 




I! • 

+ 


l.c-5.0 


^ ^8 


Very S'ronz 


+ + 


5.0 



12-23. One important thing to remember when 
. yx)u obtain the echo intensity is to scan the most 
representative portion of the echo. For example, 
you must scan the most intense^ echoes within 100 
statute miles vertically as well as horizontally to 
achieve the maximum reading, because many 
echoes contain the strongest reflectivity at heights 
near 30.000 feet. 

12-24. As indicated earlier, stations have a 
standard table to convert reflectivity rates to echo 
intensity. These tables are based on the reflectivity 
readings as shown in table 19. This table also 
shows the intensity symbols that you enter with the 
report and the theoretical rainfall rate for reflectiv- 
ity values (not entered witl^ the report). You can 
determiije to a useful accuracy, though not precise, 
the relationship between Reflectivity of precipita- 
tion echoes and their rainfall rate. The term "echo 
intensity" and the meteorological term **rainfall 
rate" arc sometimes used interchangeably. 

12-25. Like the selection .of the precipitation 
type, the selection of echo intensit^i%4j>ased on the 
maximum obspryed intensity for bqiivective sys- 
tems lind the intensity that is predominant in. the 
horizontal' extent for other systems. , I 

12-26. Because of special problems involving 
\eflectivity measurement, -echo intensifies ar? not 
reported for ice pellets, freezint* drizzle, drizzle, 
hail or mow; that is. no intensity entry, is required 
on the radar recording form. When/yoji observe 
other precipitation types and th/jy ar^^ther than 
125 nautical miles from the racfar set, you ordinar- 
ily do^not report echo intensity. In this cas4|ffter 
the letter "U" after the precipitation type. lE)W- 
ever, you may assign an echo intensity report to. 
echo areas that overlap this mileage limitation if it 
is reaspnably representative of the entire system. 
Otherwise, the echo intensity is "U.'' If you have 
reason' to believe the radar set is performing bHow 
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standard. 'report the echo intensity as unknown. 
Indicate this situation by entering the contraction 
"ROBEPS" (radar operating below performance 
standards) in the remarks section. Determining 
echo intensity is closely related to the next subject^ 
intensity trend. 

12-27. Intensity trend. The intensity trend is 
based on the trend' of the reflectivity values used to 
determine echo intensity. For example, if the in- 
tensity of the echo complex is stronger than pre- 
\ iously reported, the intensity trend isr said to be 
increasing. The minimum time period to use for 
determining the inteasity trend is 1 hour for lines 
and areas, ^d 15 minutes for-ceZ/j; On the record- 
ing form? enter the following^intensity trend sym- 
bols after the echo intensity: 

-If Increasing 
^ — Decreasing 
Nb change 
NEW Initial iniensiiy value 

12-28. If for any reason you don't know the in-- 
tensity trend, simply Omit the entry. Tlfe mileage 
and equipment limitations for echo intensity ,<ilso 
apply to intensity trend. The next element of radar 
reports is fhe location of the echo. \ 
- 12-29. Direction and disHhee. De^cnhQ the ex- 
tent and shape of echoes in terms of dirccticm and 
distance from the reporting station. Give the direc- 
tion from the station in whole degrees relative fo 
true north as determined from the azimuth ring on 
the PPI scope. You report a direction of true north 
as 360. but you report 015'^ as 15. Report the dis- 

^ tance from the station to the r^earest nautical mile 
if severe weather is involved or if special definition 
is needed. Genexgliyi however, you may use 5-mile 

* increments of distance to make it easier to extract 
data from the radar scope. You can measure 
echoes of strong or very strong intensity categories 

• ■ » .' 
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•more accurately with respect to direction by^using 
the cursor in the PPI scope. You can also accur- 
ately measure the distance of these echoes or other 
echoes associated with severe weather by the ad- 

* justable index , or "strobe" on the PPI and A/R 
scope displays. You can measure distances most 
accurately on a short operating range. For exten- 
sive echoes, however, you must use a longer oper- 
ating range to determine the distant limits^ of the 
echo pattern. The echo patterns reported on fold- 
out' 5 .beginning with 1736Z through 0337Z, for 
example, can be evaluated by using the 60-mile 

• range for thcJnearer echoes and the 200-mile 
range to detecfthe extent of the more distant pat- 
tern. ^1 

12-30. Report irregularly shaped areas of 
echoes by givjng the direction and distance from 
the station to^ series- of points along the edge of 
an echo which, when connected, indicates the gen- 
eral shape and location of the afea. Keep the num- 
ber of points to a minimufn, consistent with defin- 
ing a synoptical!^' significant shape. Report the 
points consecutively .^a clockwise direction. Re- 
port cells or circular areas by giving the direction 
and- distance to the center of each cell or area and 
the diameter (D) of the echo. 

12-31. When larger areas of echo are visible at 
high receiver gain, examine the echoes at reduced 
gain and at various elevation angles to determine 
whether or not line activity^ is present. You must 
idcntif}' and locate organized lines of activity sepa- 
rately within the encompassing area of echoes. 
Whenever possible, use a separate line on the 
radar recording form for echo parameters that per- 
tain to each related group of echoes, such as lines 
' or areas as shown on foldout 5 /or the 0837Z and 
0843Z observatioi»?-JWiether they occur sepa- 
ratel> or within g reported line or area, report po- 
tentially, sevefre weather echoes in as much detail 
as practicable. 

12-32. To report a line of echoes, give the azi- 
muth ^nd distance to the ends of the line or to as 
man^' points as necessary on the axis of the line to 
establish the sTiape of the line. Record these data . 
in progressive order from the uppermost end of . 
the line to the otljer end. Of cotirse, for a straight 
line, just report two points at opppsite ends of the 
line. You usually report the averag'e width (W) of 
a fairly uniform line, whereas you report marked 
differences in iRidth in as many widths as neces- 
sary to establish the general shape of the line. Re- 
port variations in width in tlie remarks section of 
the radar reporting fornix 

12-33. Width or diameter. As indicated in the 
preceding discussion. y<5u report width or didmeter 
for certain types of dchoes. If the report is for a 
line, include the width of the line after the direc- 
tion and distance data. For example, the^entry for 
a line that is 15 miles wide is "15W.** For lines 
that contain variations in width, enter an explana- 
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tion in the Remarks section of the observation. 
The 0938 GMT observation (foldout 5) sh9ws an 
example of variations in width of a broken line of 
echoes. 

12-34. When the echoes are in a circular area, 
report only the center point of the area as the 
direction and distance of the echo. Then report the 
diameter of the area. For example, the cell at 0738 
GMT on foldout 5 shows how to enter the diame- 
ter for a circular echo area (cell in this case). The 
entrj* "D12*' at this obser\'ation is th^ only clue- to 
the size of the echo. For radar reports that are out- 
lined with direction and distance points, do not re- 
pqrt diameter. In some cases, however, you can in- 
clude a remark of the average diameter of each 
cell or echo within the area in the Remarks sec- 
tion. This is illustrated in the 1736 GMT observa- 
tion on foldout 5. 

12-35. Precipitation at the station may cause a 
bright, diffuse echo that completely covers the cen- 
tral portion of the scope. -In this case, make the 
distance measurement to the edge of the echo to 
determine the diameter. Do not report distances 
and directions from the station; make an entry in 
the Remarks section to indicate that the echo is 
centered at the station. This situation is shown as a 
remark in the 0238 and 0337 GMT observations 
on foldout 5. 

12-36. Movement. Determine the speed of 
movement for the echo system on the basis of at 
least two successive positions 1 hour or more 
apart. For cells and small elements you can deter- 
mine the movement over a i5-minute interval if it 
is representative., Report the direction pi move- 
ment in two digits,, representing tens of degrees in 
relationship to true north, using "36" to indicate ♦ 
true north and "0000" to indicate no appreciable 
movement. Report the movement of cellular 
echoes individually, whether they are isolated or 
are contained within an area whose general move- 
ment differs from that of the individual cells when 
their movement is not the same as that of the line. 
For example, an echo system movement of 260"* 
at 15 knots and cellular movement of 240° at 25 
knots is reported as "2615 CELLS 2425." 

12-37. Determine movement by plotting suo- 
ces.sive positions of the centers or boundaries of 
cells and areas, and b\ piottiag the axesK)f lines. 
The direction~of movement isrthe tearing of alme 
drawn between the successive positions of the cen- 
ters. In the case of a line, the direction of move- 
ment is perpendicular to the axis. 

12-38. The displacement, relative to time of the 
echoes between successive positions represents the 
speed of movement. The chart in figure 24 is used 
to find speed of movement by relating displace- 
ment (distance) and elapsed time. For example, a 
displacement of 5 nautical miles in. 15 minutes 
represents a speed of movement of 20 knots. 



12-39. The speed of movement of a line is the 
displacement perpendicular to the axis relative to 
tinie. If the line is pivoting or if portions of the line 
are moving at different speeds, report the move- 
ment at enough points "along the line to fully de- 
scribe the movement. 

12-40. Figxire 25 shows how the various echo 
patterns recorded on foldout 5 are described in 
terms of extent and location. Figure 25 shows the 
observations from 0037 LST (0637Z) to 0237 



LST (0837Z). The 0738Z observation on foldout 
5 shows an area in which a Ime of echoes is 
. embedded with an intense cell located at the 
. southern portion of the line. Each is reported as a 
separate line entry. The 0815Z observation indi- 
cates that the precipitatioaarea has moved over the 
station. The reflectivity of the precipitation at the 
station prevents detection of the echo line, but you 
are still able to see the intense cell echo. This reflec- 
tivity of the precipitation area over the station 
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Figure 25. Graphic echo description, 0037 to 0237 LST. 

makes it impossible to detect movement of that 
echo; therefore, none is reported. The movement 
of the intense cell, however, is reported. 

12-41. The remarks included in the 0637Z and 
0738Z observations on foldout 5 help to clarify the 
general movement of the line by indicating differ- 
ent movements at the ends. The remark about hail 
on the 073 8Z observation amplifies the informa- 
tion available about a potentially destructive cell ^ 
that bears close ^vatching. At 0815Z, development 
of a hook and a rapid building indicate the poten- 
tial for producing the most severe weather. The re- 
mark on the 0837Z observation, added to the 
radar observation, substantiates the need to watch 
this cell and alerts interested agencies to the severe 
intensity of the storm. 

12-42. The next radar observation at 0843Z in- 
dicates that the precipitation area has diminished * 
somewhat and a broken line of strong echoes. is 
passing the station. The remarks on foldout 5 indi- 
cate different widths along the line and different 
movements between the line and individual cells. 
The intense cell on the southern end of the line is 
in the dissipating stage, as indicated by the appar- 
ent anvil formation detected on the RHI scope and 
a decrease in thre echo intensity and diameter. The 
0938Z radar observation indicates that the cellTias 
dissipated and t]iat the line is decreasing in inten- 
sity. Subsequent observations show a continued de- 
crease in intensity until 1440Z when no significant 
echoes remain on the scope; hence the operational 
status contraction "PPINE" is entered. 

12-43. Echo tops. Though echo height data is 
useful to both the forecaster and pilot, excessive 
operation of the radar in the echo height searching 
mode keeps you from using the radar to evaluate 
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and report the other elements of your observation. 
For this reason, you should operate Ae radar so 
that you get a judicious sampling of echo tops 
without excessive interruption of the normal oper- 
ation of the radar set. For example, an accurate 
^description of the echo system in terms of location, 
intensity, movement, and similar qualities is more 
important than whether the echo tops are 33,000 
feet or 36,000 feet 

12-44. When scanning for echo top measure- 
ments you must consider several factors. One is 
range limitations. Range limitations are necessary 
because of decreasing elevation angles and increas- 
ing beam dimensions with distance, in addition to 
the unknown effect of variation in propagation 
paths. Another difficulty is the necessity of scan- 
^ ning very high tilt angles that preclude echo top 
measurement at very close range. 

12-45. The designed maximum range of the 
range height indicator (RHI) of a particular type 
of radar is also a limiting factor. Therefore, you 
report echo tops only within the following ranges: 

• CPS-9— 5 to 100 statute miles 

• FPS-77— 5 to 120 nautical miles ^ 

• FPS-41— 5 to 100 nautical miles 

• WSR-57— 5 to 125 nautical miles s 

12-46. For each observation of an echo system, 
enter the highest cloud top in the **MAX_TOP" 
column of the radar recording form. For extensive 
echo systems, such as lines more than 50 miles in 
length or areas more than 50 miles in diameter, 
also identify the location of the "MAX TOP" in 
degrees and nautical miles from the station. Enter 
the direction and distance m column 9B. In the 
coded radar report, a maxiniiim top of 44,000 feet 
MSL located 85 nautical miles from the station on 
a bearing of 300*" appears at MAX TOP 440 AT 
300/85. This remark follows the movement of the . 
echo system. 

12-47. When art extensive echo system is pres- 
ent, identify the location of additional echo tops 
that are significant throughout the line or area. 
Enter these additional echo heights in the Remarks 
section immediately following the direction and 
distance of the maximum top. For additional top 
reports, include the direction and distance from 
the station for each individual height that you re- 
port. Cdtie example: 

Max Top Remarks 

Column 9B Column 10 

430 26/45 TOP 400AT235/33 TOP 380AT- 

147/26 

Whenever feasible and appropriate,, include a -re- 
mark to indicate that the average tops are belo'w a 
certain altitude. For example, MOST TOPS BLO 
250. 

\ 




12-48. Remarks, The Remarks section of the 
I radar', recording form is used to enter data that 
supports and amplifies the observation as well as 
additional data that improves the synoptic use of 
the data. Make the description as brief and in- 
formative as possible. Use authorized contractions 
whenever possible for these entries. Some exam- 
ples of significant remarks are shown on foldout 5. 

12-49. The Remarks section offers the fore- 
caster an oppojptunity to enter and disseminate 
data of a i^^jpfanalytic natxire than normally falls 
within an observer's capabilities. Based upon the 
observer's successive observations, the forecaster 
might enter a remark such as ^"COLD FRONT 
ECHO LINE INDCS TNDCY FOR WV FRMN 
345/48 AREA TO N OP THIS PTN OF LINE 
SHOWING INCRG OVRNG TYPE ECHO." 

12-50. During relatively stable conditions it is 
ofteifpossible to determine the approximate height 
of the 0° C isotherm from the RHI scope by ob- 
serving the height of the top of the "bri^t band." 
The significance of th^ bright band is "its value to 
the forecaster in determining the height at which 
aircraft icing may be encountered. The intensity of 
the bright band gives him an idea of the severity 
and even the type of icing to be expected^ To re- 
port the bright band gives him an idea of the se- 
verity and even the type of icing ifo be expected. 
To report the bright band, enter the contraction 
"MLTLVL" and then the height of the top of the 
bright band (in hundreds of feet MSL) in the re- 
marks section. For example, MLTLVL 75. As 
with reporting echo heights, make the corrections 
-for antenna height and' earth curvatwe for your 
bright band remarks. • 

12-51. Notice that foldout 5 does not contain 
entries of bright band data. This is consistent with 
the meteorological conditions, illustrated in the 
foldout. The instability involved with cumuliform 
clouds tfends to eliminate the conditions which 
cause the bright band to show up on the RHI 
scope. On foldout 5 the stratiform clouds that 
niove in during the afternoon, although more sta- 
ble, degenerate into a precipitation area, as indi- 
cated, and become centered over the station. The 
attenuation of signal caused by this precipitation, 
and the relatively low surface temperatures pre- 
vent the detection of a bright band. 

12-52. On foldout 5 the remarks entered with 
the 1736 and 1938 GMT observations ^re exam- 
' pies of amplifying remarks added by the" fore- 
caster. Remarks on the 1838 and 2037 observa- 
tions support and amplify the radar report and are 
appended by the observer from data that he re- 
* ceives from surface observations. This cooperative 
effort between observer and forecaster in compil- 
ing radar observations provides valuable informa- 
tion for the people who us^these reports. 

12-53. Foldout 5 shows several examples of re- 
marks that support the other elements of the ob- 



servation. The remarks for the last two observa- 
tions, 0238 and 0337 GMT, explain why the 
direction and distance from the station of the 
echoes are Entered (PCPN AREA CNTRD 
THISTA). 

12-54. Operatiorial Status Reports. When thm 
radar equipment is operational but no significant 
echoes are observed, *TPINE" is recorded on the 
radar recording form where the echo character is 
ordinarily entered, and is transmitted in the collec- 
tive. Note that the 1337Z observation of foldout 5 
indicates that the line echo has diminished and is 
decreasing rapidly. At 1440Z, the scope presenta- 
tion indicates no significant echoes, and "PPINE" 
is entered. / , 

12-55. An hour later, there are still no signifi- 
cant echoes. The forecaster knows the synoptic sit- 
uation, and he also knows that the equi^ent will 
be needed later in the day with the approach of a 
front from the southwest. Suppose that the fore- 
caster learns from the weather equipment mainte- 
nance man that, in addition to the 1-hour sched- 
uled operational maintenance, there are minor 
adjustments to make which may require an addi- 
tional hour of work. In this case, the forecaster in- 
structs the observer to append the. con;^action 
"PPIOM" (PPI out of maintenance) as shown in 
the 1540Z observation. When the contraction 
"PPIOM" is tra^ismitted, it iiifludes a date-time 
(GMT) group to indicate when the equipment is 
expected to resume operation. The date-time 
group appended to the 1540Z entry on foldout 5 
shows an anticipated service outage of 2 hours, 
and the remark "ALTN SZL" indicates that the 
alternate station, Whiteman AFB, is assuming the 
primary reporting responsibility. If possible^ al- 
ways transmit this remark with your last scheduled 
hourly rep^ort before the equipment goes out of 
service. When you first discover that the* pdar 
equipment will be inoperative, immediately! notify 
the alternate station by tbje most expedient means, 
because it must assume the primary radar report- 
ing responsibility. 

12-56. When yoti must indicate the operational 
status of the radar, enter the following contractions 
on the radar recording form and transmit sepa- 
rately or in combination with other observational 
data or remarks: . 

PPINE Equipment performance normal in PPI 
mode; no precipitation echoes observed; 
surveillance continuing. ■ 

PPIOM Equipment inoperativt^o/^ut of service 
for preventive maimenance (follow this 
with a date-time gpup to indicate the esti- 
mated time of relum to service). 
'^PPINA Observation ornitted or not available for 
reasons othe/ than PPINE or PPIOM 
(follow this/entry with a date«time group 
to indicate/the estimated time when ob- 
servations /will be available*). 
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ROBEPS Radar operating below performance stand- 
ards.* 

ARNO "A** Scope or AVR indicator inoperative.* 
RHINO l^adar cannot be operated in the RHI 
mode; height data not available.* 
Note: ♦Entered in Remarks colunjn. 

12-57. Encoding Radar Observations (RA- 
REPs). As we pointed out in the beginning of this 
section, recording and encoding radar observations 
are almost simultaneous functions. This is because 
the elements of the RAREP code are arranged to 
coincide with the order (sequence) of entry on the 
radar recording form. Use the units and contrac- 
tions given on the recording form to encode the re- 
port for transmission. 

12-58. The 0637 GMT observation on ioldout 
5 is used to illustrate. Uie spacing and separation of 
the elements in RAREP format: 

PDQ AREA(IDRW-/4- 42/47 153/65 242/187 320/ 
154 2715 MAX TOP 240 AT 170/25 CELLS 
AVG D6 

LNeRW/4-315/123 243/155 12W 2820 MAX 
TOP 350 AT 275/112 LN 
NWRN END MOVMT 2718 SWRN END 
MOVMT 2823 

You can see in Uiis coded radar observation that 
spaces are used^ betweea elements that might be 
confused with other data. 

12-59. Unlike the FPS-77, UieCPS-9 requires 
a correction for the curvature of the earth when 
determining the height of echo tops. Considering 
these differences, tiiere is one last conversion thqj^ 
you must make for all* height determinations — be 
sure to add the elevation of the antenna above sea 
level. - 

12-60. Begin special radar o6ser\*ation reports 
that occur at nonscheduled transmission periods 
with the contraction "SPL" and a GMT time 
group. Example: 

SPL 1217Z LN@ . . . 

Specials that occur at a scheduled transmission pe- 
riod fhourly) have a date-time group in the 
weather message heading; therefore, they require 
only a contraction "SPL" as a prefix to the report. 

12-61. When radar observations rev^ weather 
phenomena that are hazardous to jaiifcraft, enter 
the hazardous radar report in plain language and 
contractions. Make the observation as brief as pos- 
sible and encode it in the follow^ format: 

fl) - Station call letters. - 

(2) The contraction "RAREP." 

(3) Time CGMT)* the hazardous phenomenon 
was observed. . 

(4) Character of echo(es). 

y 
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(5) Distance (in nautical miles) and direction 
(using 16 points of compass) from a known geo- 
graphical point. It is not necessary to repeat the 
statidn call letters. 

(6) Direction of movement (using 16 points of 
the compass). 

12-62. Enter radar repoA;which^dfiscribe con- 
ditions that are hazardous^tdaircraft operations on 
Uie recording f^rm wit^ut regard t(Acolumnar 
headings. The call letters and Uie term "JRAJIEP" 
are a part of the. standard teletype format amd are 
omitted on the recording form. Therefore, simply 
enter the time and continue your observation 
through the remaining columns, using as much 
space as needed. Though local poUcies generally 
describe the conditiops tiiat are considered fiazard- 
ous to aircraft, the three repQijts below show seme 
typical examples of hazardous reports in transmis- 
sion form: 

MCF R.\REP 0338Z EYE 321 IN 7604W D45 1610 
FAIR FIX 

OFF RAREP 1623Z SVR SQUALL LN 30N THRU 
45NE MOVG 

BLV RAREP i403Z PSBL TORNADO 20S STL 
MOVG ENE 

12-63. On occasion, you may make an error 
while encoding RAREP observations. When you 
discover the error before the report is transmitted, 
neatly erase the erroneous data and make the 
corrections. When you discover the error after 
transmission, draw a red line through the error 
and enter the correct data above it in red. This is 
all that is necessary if the error has been corrected 
by a later transmission. However, if the correction 
is transmitted, enter "COR" and the GMT trans- 
mission time in red in the Remarks column. ^ 

12-64. RAREPs are transmitted in accordance 
with AFCSR 105-2, Volume II, Weather Com- 
munications Operations and Management, which 
lists weather communications and schedules of 
transmissions for weather observations. If your 
stiition is a primary station, you must meet all 
scheduled transftiissipns with a valid observation 
or an operational status report. In Volume 3 of 
this course we will discuss the communication re- 
sponsibilities and procedures that an observer uses 
in his daily work, and the v/eather codes that you 
use daily as well as codes that are used interna- 
tionally, including plotting and decoding. You will 
also gain an insight into some of the other duties 
that an observer performs in everyday station op- 
erations. . ' 

12-65. At this point refer to your workbook 
and answer the chapter review exercises for this 
section. 
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of this publication has (have) been deleted in 



adapting this material for inclusion in the "Trial Implementation of a 



Model System to Provide Military Curriculum Materials for Use in Vocational 
and Technical Kducation," Deleted material involves extensive use of 
mflitciry forms, procedures, systems, etc. and was not considered appropriate 
for use Ln vocational and technical education. 
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This workbook placfes the materials you need y/here you need them while you 
are studying. In it, you will find the Chapter Review Exercises and their answers 
and the Volume Review Exercise. You can easily compare textual references' 
. wth chapter exercise items without flipping pages back and forth in your text 
Ytu wiU not misplace any one of these essenUal study materials.' You wiU have 
a smgle reference pamphlet in the proper sequence for learning. 

These c^pvices in your workbook are autoinstrucUonal aids. They take the 
place, of the teacher who would be directing your progress if you were in a 
classroom. The workbook puts these self-teacher^ into one booklet. If you will 
follow the study plan given in "Your Key to Career Development," which is 
m ydur course packet, you wiU be leading yourself 'by "easily learned steps to 
mastery pf your text i- ' ^ 

If you have any questions which you cannot answer by referring to "Your 
K«y to Career Development" or your course material, use ECT Form; 17 
^^T^Ba y^"'^*'^ yo"r inquiry fuMy and 

Keep Uie rest of this workbook in your files. Do not return any other part of 
iv to Jc^JX* 
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4. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 2 

a. Page 10, Chapter Review -Exertfise, ^estion 23, line 2-. Change "1137 GMT" 
to "1157 GMT." 

b Page 31, answers for the Chapter Review Exercises, answer 23, line 1: 
Change "T I37" to "T B 57" and change "WND 21/35 37" to "WND 21/35 57." 

" ' c. Page 34, answers for the Chapter Review Exercises, ansi^^er 8: Change 
"l0047" to "20047." 

d. The follc^ng questions are no longer scored and need not be answered: . 
24, 3^', 36,. 39, tS, ^7, 53, 66, 70 and 79. 



STUDY REFERENCE GUIDE 



h\Use this Guide as a Study Aid. It empjiasizes all importaCt study areas of this volume. 

'^t f " ^'''''^ ^•^^''^'^^ andforRevilw after Feedback on the Results. 

^de"^l'^in"".H S^V^r/ ' ' ''"^ """'^^ P"^"'*^-- number corre^pls 0 
S^Lk 1 r . ^ Study Reference Guide which sho««„you where th^nswer to that VRE item canije^ 

Numbers. TTie VRE results will be sent to you on a postcard which will list the actual VRBitem vou 

Z 1^ ^"t*"'^'"' ^"'"^^ ^^'^'^ List these Guide Numb^s" 

l^r VP? /r"' <^^"f"ny "View the areas covered by these Guide Numbers Rerw he 

enhre VRE again before you take the dosed-book Course Examination. ' 

' ^ ™f Guide for Followup after you complete the Course Ex'anxination. The CE results will be sent to you 
rj^rdlel'lh '.'Satisfactory" or ''Unsatisfactory" completion. The card-will S S 

Numbm relatmg ta the questions missed. Locate the numbers in the Guide and draw a line under the Guide 
Number, topic, and reference. Review Ihese areas to insure your mastery of the course. " ' 
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200 Introduction to Surface Weather Observations; 
State of the Sky: Cumulus; Cumulonimbus; 
Stratocumulus; Stratus; pages 1-6' 



201 State of the Sky: Altostratus; Nimbostratus 
Altocumulus; Cirrus; Cirrostratus 
Cirro cumulus; Orographic Cloud Forms 
Encoding IClC^jCh Group (Column 13) 
pages 6-13 

202 Ceiling and Sky Coiylition: Layers; pages 

. 203 Ceiling and Sky Condition: Ceilings; 
Ceiling/Sky Remarks and Entries; pages 17-21 

204 Visibility; pages 21-27 

205 Weather and Obstructions to Vision: Storm 
Phenomena; Precipitation Forms; Character of 
Precipitation; Intensity of Precipiution; pages 
27-31 

20^ Weather^, and Obstructions to Vision: 
, Obstructions to Vision; Order of Entry for , 
Weather and Obstructions to Vision;- Entries 
and j^emarks for Weather (Column 13); pages 

207 Pressure; pages 37-40 

208 Temperature .and Dewpoint; pages 40-45 



209 Supplementary Data; pages 45-49. 

210 Miscellaneous AWS Form 10 Instructions- 
pages 49-51 

211 Introduction (o Encoding and Disseminating 
Surface Observations; Types of Observations: 
Record Observation; Special Observation; 
pages 52-56 

212 Types of Observations: Local Observation; 
Pilot Reports; AWS Form 12 Entries; pages 
56-60 

213, Disseminating and Processing Weather Data; 
pages 60-65 

214 Rad^r Storm Detection Observations; pages 
65-75 , ... 

215 Station Administration and Supply; 
Administration: Directives; Correspondence 
and Messages; pages 76-80 

216 Administration: Maintaining Records and 
Files; Air Force Subjective Classification 
System; Disposition of Records; Orienting 
Newly Assigned Personnel; The APR Rating 

' 80°^r Performance Counseling; pages 

217 Supply; pages 85-86 
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CHAPTER REVIEW EXERCISES 



The followuig exercises are study aids. Write your ans^rs in pencil in the space provided after each exercise^ 
l^e^U^aftTcompletinz each set of exercise., check your responses against the answers for that set. D. 
not submit your answers to ECI for grading. 



CHAPTER 1 



Section 1 



Objective- To demonstrate the abUity to identify each basic cloud form and its associated phenomena, to 
er^ode each cloud form into its ^pproj,riate intemaUonal cloud type for inclusion in airway^obserya- 
tioris, and to identify and encode the appropriate remarks for certain significant ctoud types. 

• 1. Which basic low cloud^orm is generally white in color, associated with good weather in iU early 
stages of development, and "bulging" in appearance? (1-6, 7) 



.2. How is the precipitation phenomenon "virga" distinguished? (1-8) 
^ 3. When ragged cumulus clouds with good weather are present, what low cloud tj^pe is encoded? (1-9) 



4. What two forms of cumulus, may be reported? (1-10; FO 1) 

- ■ ■ - ■ ■ ^ 

5. If the sole'^determination is made on appearance,. how do the tops of a cumulonimbus cloud 
appeaiiin comparison to' a cumulus cloud? (1-12, 13) 

I 

6. Why is the dissipating stage of a cumulonimbus cloud often more hazardous than other stages? 
. (1-13) 



7 When cumulonimbus clouds are hidden because of overcast conditions or are embedded in other 
clouds such as nimbostratus, how can you determine their presence? (1-15) 



8, How can you distinguish between tuba and mammatus development? (1-16, 17) 



9. Both L3 and L9 are cumulonimbus clouds. What is the main difference between-lliese' cloud types? 
(1-18; FO 1) . , - 



10. How does a remark for oimuloninibus clouds differ from a remark for towering cumulus clouds? 



11. Overcast conditions prevent your seeing the entire cloud structure, but you hear thunder overhead. 
What cloud type do you encode? (1-20) 



-V- 



12. How are stratb^umulus clouds in detached elements distinguished from cumulus clouds? (1-21) 

13. What is the main difference between L4 and L5 clouds? (1-25; FO 1) . . 

14. What makes an L8 cloud different from all-other low clouds? (1-26; FO 1) 

15. How is the basic cloud form stratus distinguished from stratocumulus clouds? (1-27) 



16. What is the difference between stratus -and nimbostratus clouds regarding precipitation and thick- 
ness? (1-29) ' . ■ 



17. What is the difference between L6 and L7 stratus cloud types? (1-31, 32; FO 1) 

18. How can you use the appearance of the sun to identify the cloud form altostratus? (1-35) 

19. What is the height range for middle jclouds in the middle latitudes? (1-37) 

20. How do M2 clouds differ from MI clouds? (1-38-40;' FO 2) 



21. Nimbostratus can be distinguished from opaque altostratus by a 
appearance. (M3) 



2Z When altocumulus clouds arc in the form of individual elements, how are they differentiated from 
Atratocumulus clouds which are also in individual elements? (1-44) 



23. How can the presence of a corona aid you in identifying the- correct cloud form? (M8) 



24. What is the primary difference between M3 and M4 clouds? (1-49, SO; FO 2) 

25. What middle cloud is a semitransparent altocumulus cloud that progressively invades the sky and 
thickens as a whole? (1-51; FO 2) 



26. Which middle cloud type is formed exclusively from the spreading out of cumulus or cumulonimbus 
clouds? (1-52; FO 2) ' 



27. What are the main features of M7 cloudsf (1-53; FO 2) 



28. List the two different appearaiivcs that altocumulus, M8, may assume. (1-54; Fig. 5; FO 2) 



29. What middle clouds appear heavy and stagnant and at several levels? (1-55; FO 2) 



30. A cloud that appears to be in patches and filaments describes what basic cloud form? (1-56) 



31. What is the height range for high clouds in the middle latitudes? (1-56) 



32. What is the criterion that separates coding between HI and H4 clouds? (1-59, 62*) 



33. By definition, H2 and H3 clouds are very similar. What is the key to making the correct selection? 
(1^0, '61) 



4 '=•0, 



. 34. What is theprimaiy difference betjveen cirrus and cirrostratus cfouds? (1^3) 

. 35. How can the sun aid you in detecting the presence of a cirrostratus cloud? (1^) 

^ 

:-36r "What-is-th-e only difference between H5 and H6 clouds? (l-66767rFO 3) 



^^-^(m's; FO 3)""'^^ ' ""^^ n'^in -restriction that you must consider? 



38. What is one case where H8 clouds can increase in amount and still be classified H8? (1^9) 

\ 

39^ How can you distinguish between high altocumulus and cirrocumulus clouds? (1-70) 



^%>^1^<^1^^^'^''' ""^'^ the cloud 



42pFor whaf^^^ro orographically formed clouds should you add a remark in your observation? (1-78) 

43. T^t foehnwall cloud is usually classified as what type clcm^?.(1.79) 
* 



t^'TTT 'T/' ^'1^' ^"'^ ^" °f altocumulus is present above 

What IS the cloud code group? (1.84; Table 1) • ' ■ 



Section 2 



Ol)jcc lives: To be able to record the correct sky cover symbols, reportable height values, and ceUing 
designators that combine to make a column 3 entry for sky condition; to recognize the criteria for 
entering significant remarks in column^l3 (Form 10) that pertain to sky condition entries. 

1. When you are considering whether or not clouds or obscuring phenomena aloft are a 

layer, what is the esscatial requirement? (2-3) . i 



2. What does, a sky cover, symbol indicate? (24) ' 

* 

3. The total sky cover at and below a given level is 8/10 coverage of which 4/10 is transparent. How 
is this indicated on Form 10? (2-12) 



4. For layer heights of 4,350 ^d 11,600 feet, what is entered in column 3? (2-15; Table 4) 



5. What is a ceiling? (2-18) 



6. Which ceiling designator is used in column 3 if you obtain a measurement from the RBC of 
4,500 feet for a ceiling layer and an aircraft measurement of 4,000 feet for the same layer? (2-19) 

7. In addiUon to measurements by ceilometer and ceiling lights, how else can tlie ceiling designator 
"M" be obtained? (2-20) 



8. What is the correct column 3 entry for 4/10 stratus (3/10 thin> at a measuredl^eight of 1,800 
feet to the south through norfh, O/lO cumulus at an estimated height of 3,500 feet overhead, 
and 3/10 altocumulus east at a cloud detection radar height of 9,300 feet? (24, 8, 12, 21; Table 4) 



9. What is the correct column 3 entry for 2/10 fog, 2/10 cumulus fractus at an estimated 3,500 feet, 
and an overcast of semitransparent altocumulus measured by an aircraft at 13,500 feet? 
(24,7, 11, 18, 22; Table 4) 




1; "Sr^' ' "'^^ w^at ceiling dcsig- 



2"s?T2.28) """"" ''^'^^ ^^^^"^ 1° ^''^-•"tin.ates of convcctivcly formed 



13. How does ai^ indefinite ceiling differ from other ceilings? '(2-30) 

!Iln^1^r^"'°" '^^"^^ ^ ^^'"""^ 3 for a completely obsqured sky if an aircraft 

reported 10 minutes ago that the downward vertical visibility was 400 feet^-30) 

^ ^s/reJi;::: ?2'o(i'a^r29oi"r";"T ' ^ ^^"^^'^ ^-tuat. 

mg rapicny Detween 2,200 and 2,900 feet and no other clouds are present? (2-33) 
wycr IS occasionally scattered, flow can you indicate this on Form 10? (2-35) 



entry and in which column is it entered? (2-36) 



^:^±iS^;;^- ^-^^ ^" ^ -ayer at 800 feet 



19. Column 3 has a sky cover symbol reported. How is this parti/ obscured condition and the 
phenomenon involved explained? (245) • ^-onaiiion ana tne 



20. If you reporya layer of smoke in column 3 as "4n(t) "u/hot ..rJ^JJ v 

13' (2-46) 7 *-«'unin i as 4ua), what remark, if any, is entered in column 



Section 3 

Objectives: To be able to make proper entries fbr prev^g visibility as weU as accompanying remarks for 
sector and variable visibUity; also, lo understand the coding of rynway visibiliues. 

. 1. What kind of object makes the best day marker? (34) 

ii ■ • 
2. Give two causes' for apparent reduction in visibility. <3-5) 



3. The most distant ma^kfer is at 6 mUes, but you judge the visibility to be at least 10. Can the visibU- 
ity be. reported as 1(H? Why? (3-7) 



■4. if you observe a prevailing visibiUty of mUes, what is the reportable value? (3-7; Table 5) 

S 

S. In what two ways can -sector visibility be used to report the visibiUty around your station? (3-8-10) 



6. What light setting is used to determine runway visibility? 



7. Both the 1. and 10-minute values^are observed for RVR. What is the proper HIRL setting for each 
value? (3-15) ^ . ' 



8. If the prevailing visibiUty is 7/8 mUe and the RVR 6.000+. must RVR data be reported? Why? (3.16) 

9. Assume that you observe values of 2% 314, and 3 .mUes during observation. Why I's the prevailing 
■' visibility not reported as variable? (3-19) 

10. The VisibiUty in the following 90* sectors are: NE2NW13/4SE3SW21/2. What is the column 13 sector 
visibiUty remark? (3-22, 23) w . 

11 Make a complete RVR entry from the following data: (1) highest HIRL is in use; (2) 1 -minute rpU- 
' oul visibility is 1,200, touchdown visibility is 1,400; (3) 10-minute visibility 1,000; and (4) runway 
18 is in use. (3-25, 26) \ . ^ ■ ■ 



Section 4. 



t How is a hurricane reported on AWS Form 10? Why? (4^5) ^ ' ' • 

. ' f ■ ' • . . ■ ., . 

•• 2. Mu, wiaft., phe„«.„„„ , p„s=h, wh™ a f„„„„,h,pid Spp.„dage o„ , cloud ,..Ls ,he g,o™d 



4. How, is drizzle distinguished from rain? (4-12) i 

5. Under what circumstances is.precipitation classified as "freezing"? {4.|3) ♦ 

6. Whal lype of enciy should b« reporKd.ln IhS otsemiiort If solid prtcipUa.lon is in ,he form „r 
snow ,„ , .^^ J....on^s ,„ .he of 

7. How is hail distinguished from Other solid! precipitation? (4-16) 



bt!! whTn J strU'es'S'^'f f «clusive,y from connective .louds. i.ay rebound Jr 
When ft strikes hard surfaces, and is crisp and easjly cdmpress.ljle? (4-18). . / 

9. How do snow grains differ from snow? (4-17, 19) ' ' ' » , ' ; " 



10. What is the only difference" between continuous and- intermittent precipitation? (4-22, 23) 
U: What type of precipitation changes intensity rapidly or begins ahd enfls abrupt? f4.24) 



12.' Which solid precipitation forms do not require intensity symbols? (4-26) 



13. What is the best method to determine the intensity of snow or drizzle when they are not occurring 
simultaneously? (4-27, 28; Table 10) 



14. Assume that the present visibility is^ miles and haze is present in all sectors. What entry should you 
make in column 5? Why? (4-29) 



15. What is the main difference between fog and ground fog? (4--31, 32) 



16. What is the main difference between blowing snow and drifting snow? (4-33) 

\ 

17. In what way is ice fog similar to^ce crystals? (4-20, 34) 

18. What are the five lithometeors that are reported as obstructions to vison on Form 10? (4-36) 

i 

19. If the sun's disk is pale and colorless, what obstruction to vision is probably present? (4-37) 



20. Smoke at a distance may appear greyish or bluish in color. How doc^ the sun appear when viewed 
through, smoke at sunset or sunrise? (4-41) 



^1 Using the appropriate symbols, group the following weather and obstructions to vision into thejor Jct 
. oider of entiy for column 5 of Form 10: fog. light rain showers, severe thunderstorm, hail, moderate, 
freezing drizzle, moderate. drizzle, and a funnel cloud. (4-42. 43; Tables 11. 12) 



1 ■ 

22. What column 13 remark should you make when .the state police sight a tornado moving east at, 
I610Z. 15 miles west of OKC? (4-46. 49) s, 



23. Thunder ha^ just been heard in the southwest through the east .nd overhead! AH storms "J^'"! 
eastward, and thunder was first heard at 1137 GMT. The- wind gusts are 210 at 35 KTS. What .s the 
correct column 13 remark for this situation? (4-50) , 

10 



n^7 Tk" ^3 remaiks for this situ»tion? A thunderstorm begins at I13IZ. ends 

' J l\ Psak «U5ts of-45 knots at.-M41Z-from 270*. ^he storm has apparently moved 

east, where you can still see occasional Ughtning- cloud to ground and cloud to cloud. The beginning 
■ _ time of this storm has not been transmitted. (4-50-^55) 



25.' Hail is occuring during a thunderstorm. The hail began at 1235Z. and the largest hailstone measured 
W* mches. How should you enter this remark in column 13? (4-56, 57) 



26. How does the remarjc "INTMT R-" differ from the remark "R-OCNLY R"? (f^59) 

27. In what circumstance can you -report shallow ground fog? (4-59) 
Sections 5, 6, and 7 

Objectives: To be able to make the proper entries for sea-level pressure, station pressure and altimeter 

3's foTSu7; 7°"h' "'^'^ ""'^ '° '^'^'^^^^ -hen sigmncant 

remarKS tor pressure and wind are appropriate. , ^ 

L What is the definition of atmospheric pre^ure? (5-5) 

2. What are the three instruments that measure atmospheric pressure? (5-7) 

y 

3. What does the term "station pressure" mean?j(5-8) ^ ^ 

58 • ' 



4. If the aneroid barometer is rejilaced or relocated, what must be done? (5-1 



0) 



5. What additional tasks must you perform when there is no aneroid barometer to use for pressure 
readings? (5-il) 



6. .What th^i elements are needed to calculate sea-level pressure? (5-12) 



7. How does the pilot use the altimeter setting value? X5-18, 19) 



11 
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8. What AWS Form 10 pressure entries can be obtained using the pfteufe reduction computer? . 

(5.T7, 20) / 7 - - — „ 

9. What should you emer in columa 12 for an altimeter setting of 28.89?/Explkn your answer. (5-21) 



10 When the aneroid barometer is in use. only three columns on AWS Form 10 need to be completed.- 
How many columns or lines are completed when the microbarograph is m use? (5-22) 



> 

11. During you/ observation, when (in what sequence) should pressure determination^ be made? (5-23) 



12. What entries are made in column 17 of AWS Form 10 and at what times? (5-2f3) 



13.' What entry is riquired if the miaooaWgraph is reset to "zero" correction? (5-26) 



■ 14. What is the basic difference between the significant pressure remarks "PRESFR" and "LOWEST 
.P.RES"? (5-28) 



15.' What are the two methods used by the Air Force to obtain the free air temperature? (6-1) 



16. "What is another name for free air temperature?.(6-2) 

17. \yhat is the name of- the temperature beyond which further cooling produces visible condensation? 
* (64) ... . 



18 The AN/TMQ-U hygrothermometer providel direct reading of both 
■ and free -. on sepai^ate scales. (6-5) 



12 



19. Using the foUowing values, solve for the dewpoint (DP) by using intenjolation. (6^) 
Air..T m p£auum Ht^er4rifr- gepr« ^/o n 



7.0 



72 

72.7 

73 



61 • 
DP 
62 



20. When is thi 'Ti" scale on the psychiometric calculator used to find dewpoint? (6r7, 



a) 



"21, How would an observed temperature and dewooint of 9"? ^* P on-^ no <• c ■ ' 

on AWS Form 10? (6^) aewpomt of 23.3 F and 08 J F. respectively, be entered 



22. To which "north" is the wind direction equipment oriented? (7-2) 

23. When reading direction from the ftO-2 recorder." which scale gives true direction? (7-3) 

» 

24. What is the agonic line? (7-4) . - " ' 

4 

f 

25. What is oiie method'used by AWS to estimate wind direction and speed? (7-5.6) 

26. How can you identify gusts on AWS Form 10? (7-8) 



t27. How can you identify a squall on AWS Form 10? (7 



•9) 



28. Give the criterion for reporting a wind shTft, (7- 



10) 



29. Encode a wind from 190* at 18 knots gusting to 24 knots, (7-11) 



13 
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^' ^10)^''°^ has drifte d, how can you obtain a reas onably accurate sn6w depth j[nfiasuteinent2 



8. What Is the codejor a 24-h6ur precipitation amount of 0.47 inch of liquid precipitatio\' (8-17-19) 

- • " •■ . ' ^ 

, 9. In column 13, what does an added group of "RADAT 84M0190450S1/1" indicate? (8-27) 

10. What does the column gentry "RAICG 95 MSL" indicate? (8-29) 

, t 

11. What does the column 13 entry "LSR 15 SANDED" indicate? (8-32-34) 



!?!,o <=o"ditions require that weather modification remarks be' recorded in column 13 of 
AWS Form 10?'(8-35) , 



13. If you are assigned to a weather unit within the CONUS or Alaska, when are you normally required 
to transmit radiation intensity data? (8-37) •, 



14. What statistical column on AWS Form lo" requires an entry every record observation? (9-3) 



15. How are .the time entries in column 42 used to divide the observing day? (9-4) ' . - '.\ 

16. In what sumniary column is the total 24-hour precipitation from "mid to mid" entered? (9-8) 



17. What three types of .data are sunimarize.d for each 24-hour period? (9-8, 9) 

18. _ When is the active runway .recorded in column 90 on AWS Form 10? (9-12) 



15 

No 



St*- 



19. If the column J^_ten}p«ratu re is ^^^^ b the proper column entry? (9-15) 



20. What' is meant by filing time? (9«16) 



21. You discover an altimeter settmg error after your observation is disseminated What should you do 
to correct the error and transmit the correction? (9-17) 



CHAPTER 2 

Section 10 * 

Objectives: To be able to take locaU special, and tecord observations; to encode surface weather obser- 
vations mto airways code directly /rom Form 10 entries; to arrange pilot report information into under- 
standable format, using accepted contractions, symbols, and plain language; and to encode these reports 
into PIREP code format. ' . . 

L Airways code is derived from the order (sequence) of entries of the individual elements on 
^ J .00.3) . , ' 



2. Within what time period should you observe ^all the elements of an observation? (10-4) 



3. State whataype of airv/ays observation the following report represents: 
RAN 300 10 57/51/2610/991. (1C^5, 6) 



4. .What 'is the main difference between hourly'and 3-hourly airways observations? (10-12, J3) 



5. What is wrong with the following 6-hourly airways report?^ - - / - 

JlAN-J0<Dm.021/Ji/60/2a3/S9:Zi..721XlU2C0.72/TCU W-N. i\0M.A5X^ 



6. If there is a break in the hourly observation schedule, what must you do within 15 min\ites after 
returning to duty? (10-20) ' - - . " y 

.:■)-•. ■ ' . • 



2%^ 

16 



shows that the sky condition is "8®lS(DM30e " ^h, ,1? /^^^^O®- ^^^"^ '^^"'^ evafuation 
" (10-20) 8UJl5a)M30e, what type of observation, if any. must you take?. 



8. The last recorded observation indicates th« sky condition a< "M-inft-jouT^rf* 
) shows the condiUon to be "M30e21/2RW " wUl^v, "f 1^ 

/' (10-21) >^^iA^i^»T. wnat type ot observation, if any. must you take? 

'IT^ of obt^aL?' '"^ "^''""^"^ """'■^^^'^ -n-ay in use. 

wnai lype ot observation, if any,, must you take? (10-22) ' 



12. Special observations are taken when it has been determined that a "WSHFT" has occurred 
your station. In what other instances are specials taken for wind changes' 00-24) 



Use the following series bf partially complete observations to answer exercises 13 through 17. 



Time List 




Observation 




1256 
1307 
1315 . 
1328 ' 
1341 
1346 - 
1355 ., - 




20<D40-(II>7 

2(XDM4(XID5GF 

16®M38e3GF 

-XI6®M35©2I/2F 

•XII®M30©2F 

-X7®M30©n/2F • • 
-X7.(II>M29V©n/4L-F 





13., Why was the observation at 1307 taken? (10-20-24. 27- 



29) 



(?0-'2j-a.'[7-29r'"'°" '''' '"""^ "'"'^"'^ " 1°' 
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16. The obsemtion at 1346 was taken because of mandatory special criteria. Identify the criteria. 
(10.20-24, 27-29) 



17. What mandatory special criteria ^an be identified in the last obsemtion'(1355), which-^oincides 
with the hourly observation time? (10-20-24, 27-29] ' 



18. When you are notified of an aircraft mishap, what action must you take? (10-28, a) ■ r 

19. At stations required to report the l-minute RVR, what type of obsemtion, if any, is taken^ 
■ criteria are first met? (10-28, c, (1)) 



20 When are local obsemtions for altimeter settings recorded on AWS Form' 40? (10-29, c) 



21. What arc the first coded elera^ts of any pilot report? (10-33, 34) . a. 

22 How should you encode the' location (of extent of a phenomenon) jn a PIREP if t^J Pilot reports 
AaThe observed the phenpntenon from Milwaukee (MKE), to 30 m.les west of Toledo (TOL)? 
(10-34, 35) 



23. When encoding the obsemtion fme for PIREPs, for what must you- be alert? (10-36) 

24. What does the following data, extracted' from a PipP, indicate? DEM-LIT 1615-1902 (10-33-38) 

* 

^. What method is used to encode PIREP cloud heights (altitudes)? (10-39, a) 

26. What are sever'^ types of PIREPS that are considered hazardous weather? (10^0) 



J' 



• 27. What are the four standard contracUons for turbulence intensiUes used with PIREPs? (1045) ^ 



M 

2g, What does the PIREP phftijomenon "SVR CAT 260 C-5A" indicate? (10^-47) 



29. Encode into PiREP format; ' light icing, both clear and rime, at 4,500 feet, reported by the pilot of 
a T-29 aircrafL.<10-.49, 50) , ■ v :> v 



30. When the aircraft type is unknown, why should you add the remark "ACFT UNK" to PIREPs 
that contain reports of turbulence of icing? (1047-49, 51) 



31. Encode in PIREP format the following received from the pilot of an F-111: A broken layer at 
6,000 feet; a layer with bases at 30,000 feet, tops at 33,500 feet, and amount unknown; and 
contrails at 41,000 feet. (10-52) 



32. When is the term "electrical discharge" reported by a pilgt? (10-55) 



33. At 1127Z, the pilot of an F-110, flying 10 miles southwest of Chanute AFB, Illinois (RAN), 
reports a wmd of 45 knots from 279* at 8.000 feet, light clear air turbulence between 11,000 ' 
feet and 13,000 feet, and an overcast with bases at 31,000 feet. As the duty observer at Chanute 
AFB, how should you encode this for transmission? (10-37-39, 44-47, 49,,52, 57) 



34. When you are disseminating encoded PIREPs taken from AWS Form 12, which types of phenomena 
require longline dissemination as a warning (WO)? (10-59) 



-Section 11 

Objective: To be able to explain why the reporting sequence of the weather elements and procedures 
for tape preparation are necessary for efficient local and longline transmission;"to explain the techniques 
used to disseminate weathet data by voice and autographic systems; and to explain the steps in process- 
ing and dispiaymg teletype, facsimile, radar, and satellite charts. 

1. Name three receiving units that are normally on the local dissemination list for surface observations. 



/ 
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2. The standard format for local dissemination is based upon the requirements of 

' ahd usually follows across from column 1 through 13. (IM) 



3. What contraction is never locally disseminated over the transcriber? (IM) 



4. When using the intercom system, how should you speak? (11-5) 



5. When^you are establishing your first contact on an intercom, what^should you be sure to do? 
(H-5) 



6. How would a fraction visibOity of VA be sent via intercom system? (11-5,^) 



7. When disseminating the altimeter setting, how many .digits are used? (11-5, f) 



S. How woOld a fractional sector visibility of S VA be sent via intercom system? (11-5, g) 



9. What is your next priority after local dissemination? (1 1-7) 



10. The ADCAD/OWS teletype system basically consists of how many circuits? tl 1-8) 



11, What is meant by the term*'H-Time messages'*? (11-10) 



tr^si 



12. With your observation tape properly prepared and inserted in the tr^rismiiter, must you transmit 
the message manually? Explain you\a^swer. (11-10) 



13. What is meant by the term "T-Time messages"? (IM2) 

0 - ' 
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14. What is meant by the term "special category traffic-"? (1M4) ^ 

15. What are the two types pf SP traffic presenUy polled on the OWS network? (11-15) 

4 

16. TYPNO (OK) messages are transmitted on what circuit? (IM8) 

17. The mainland U.S. is divided into Jiow many weather circuits? (11.21) 

18. What AWSM contains the listing of U.S. weather communications bulletins? (11.21) 

19. Who determines the system used'for observers to process weather facsimile charts? (11.22) 



20. yo^^are required to outline a severe weather area on a radar chart, what cdlor should you use? 



21. If your weather station is receiving weather charts on a FOFAX network, what is one type of- 
chart you are receiving? (11-26) ' ' . 

22. Processing of satellite charts is normally the ' ■ ' . function. (11-27) 



Section 12 



Objectives: To br a5le to describe the' elen?ents of the radar report and explain the procedures for 
encoding- each element and entry of opefational status reports for transmission. 

1. What is one of the prime purposes of weather radar surveillance? (12-5) " 
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2. If your station is a primary reporting station for "radar observations, what is reported when no 
' echpcs are observed on radar, and how often must you transmit this report? (12-8) 



3. When should yoit report hourly radar observations? (12-9) 



4 You have been encoding hourly radar observations. Shortly after an hourly report you are .informed 
that an aircraft may have crashed during the past 30 minutes within range of the radar. What 
must you do? (12-12)- 



5. What does "LNOD" indicate in a RAREP report? 02-16-18; Table 17) 



6. If you>ive difficulty in determining the type of precipitation associated with radar echoes, how 
can you obtain this information? (12-21) 



'7. Why is it important to determine th^ reflectivity of radar echoes? (12-22-24) 



8. When do you omit ridar echo intensities? (12-26) 



9. When should you report radar echo intensity as unknown ("U")? (12-26) ^ 



10. How can you obtain the intensity trend for radar echoes? (12-27. 28) 

11. How are the direction and distance of radar echoes reported? (12-29) 

12. How should you identify the location of irregularly shaped radar echoes? (12-30) 



13. How do you report the location of cells or circular areas of radar echoes? (lJ-30) ^ 



{ 
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14. How do you report .t^e size' and shape of radar echoes in the form t)f a line? (12-32) 



/ 



15. What does the entry "12W" indicate when it is encoded with a radar observation?, (,12-33; FO 

16. How do you indicate the size of echoes that are in a circular area or a cell? (12-34; FO ,5) 

17. How is the movement of radar echoes obtained and reported? (12-26-39) - ' " 

■ 18. How should you report the movement of an echo that is centered over the station and is causing" 

w.despread precp.tafon that prevents you from detecting the shape (line, etc.) of the echcJ :J 

« 

19. For radar reports, what limitations must be considered for all values of cloud tops? (12-44) 

r~- ; ■ 

/2L How IS the bright band reported- with radar observations'^ (12-50 51) 
/ nfavS:i7f2-T ^ "'^ '^'^ ■ 



23. How is encoding special radar observations different from encoding hourly reports? (12-i 



60) 



24. Suppose that your station (ABQ) is in. the mountain standard time zone. At 1215 LST vou observe 

■ of ?7n- ; °" ^f-^^ '^P^'" *° The echoes are moving on a heading - 

of 070 and are located 30 miles west. How should you encode the RAREP? (T^lf 62) 

25. How do you correct an error on a^AREP that has alread:^ been transmitted? (12-63) 




iMODIFICATIONS 



^ -^c^^ ^of this publication has (have) 'been deleted in 

adapting this material for inclifsipn in Dhe *'Tri%l Implementation of a 
Model System to Provide Military Curriculum MaterTals for Use in Vocational 

"^•li^d Tochnica] Education/' 'Deleted material involves extensive use of 

military forms, procedures, systems, etc, and was not considered appropriate 
♦ 

^(or use in vocational .and technical education, . . ^ , 



V — ^ 
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ANSWERS FOR CHAPTER. RlSyiEWEXERCISES 
'■ • . CHAPTER l' ■ 

Section 1 • « . 

1 . Cumul/is. 

2. ViTga can be distinguished by the dark awa beneat^i the cloud that completely disappears 
(evaporates) before it reaches the grotind. 

3. A ragged cumulus cloud assoicated wijh good weather conditions V encoded" as low cloud "i;* 
'4. Cumulus, C^-t may be reported as moderately developed or towermg. 

5: Cumulonimbus cipuds usually have greater verdpal and horizontal extent (massive) and their tops 
must have at least son^e stratification or must lack clear ouUines. 

6. The dissipating stage of a cumulonimbus cloud usually releases most of its force, producing hail- 
stones and high winds. r & » 

• 7. You can determme their presence by the occurrence of thunder, lightning, hail, or h^ showery 
precipitation. ^ 

8. Mammatus development appears pouchlike, whereas .tubas are ragged cone-shaped appendages. 
Tubas indicate probable tornado activity. • " 

^ 9. L9 has a cirriform top (anvil). L3 lacks- appreciable cirriform development. ' ^--^ ' . 

10. Unlike TCU remarks, the cumulonimbus cloud remark includes a direction of mavement and the 
distance from station, if knowm 

11. L9,\cumuldnimbus. 

12. StratoSlmnilus clouds in detached elements have a natter af/pearance than cumulus clouds. 

13. L4 forms from the spreading out of cumulus clouds; L5 does not. 

14. L8 is a combination of cumulus (H or L2) and stratocumulus clouds that coexist at different 
levels. The stratocumulus must not have formed from the spreading out of cumulus clouds. 

yI5. The base of stratus clouds has a' more uniform distribution of color; stratocumulus clouds have an 
unequal color distribution. " ^ 



16. Stratus clouds produce only light precipitation (dri&^etc). and may r^hll the sun through* 
then^hinnest parts. Nimbostratus clbuds on the otfter hand^re darker, do not reveal the sun, 
producg^gavier precipitation, and l]ave an uneven 'd*iffuse b^se. ' • ' 

17. L7 clouds appear darker and more ragged than L6 clouds; however, the mam difference is that iK 
there is bad weather (precipitation), the stratus clouds are encoded as L7. ^ 



18, When the sun is visible through altostratus, it appears as though seen through ground glass. This 
effect prevents objects on the ground from casting shadows. 

19, Approximately 6,500 feet to 23,000 feet. v 

20, M2|Clouds do not reveal ih^ outline of the sun; MI clouds may. M2 clouds often produce 
co^^ous precipitation, especially when nimbostratus clouds are present. 



22. Jf the size of the elements are such that they cover less than three fingers held at arm*s length, 
the cloud type probably is altocumulus;' if they^cover more than the three fingers they are ^ 
probably stratocumulus clouds. 

23. A corona usually indicates the presence of semitransparent altocumulus clouds. - 

24. M3 clouds occur, at a 'single level, and their elements change slo^l^M4 clouds occur^at one or ^ 
more levels, and the elements are continually changing. 

* 

25. M5. ^ ^ " , ^ . ' 

26. M6^ 

27. M7 clouds consist of either altocumulus clouds in two or more layers and not^ progressively 
invading'.the sky. or altocumulus clouds together with altostratus or nimbostratus clouds* 

28. M8 may appear as small tufts pr as a layer with small towers sprouting 'from it (castellanus).' 
Z9, M9, altocumulus Of j chaotic sky. 

30. Cirrus clouds. 

31. Approximately 16,500 to :45,000 feet. • , • 

32. HI clouds .do not progressively, invade the sky; H4 clpuds do. • 

33 H3 clouds are the remains of a cumulonimbus' cloifd, and H2 clouds are not, * 

1 / ' ^ ' / ' ' ' 

34. The primary difference between cirrus 'and cirrostratus is the 'greajter horizontal extent of cirro- 
stratus' clouds and their more vfeiMike appearai^ce^ ^ 

35. A cirrostratus cloud is fiever thick enough to prevent objects on the grounil from casting shadows 
when the sun is higher than 30* above the horizon. The sun also causes halo phenomena in the' 
presence of citfostratus clouds. » ^ 

T;- . ^ * . ' \ ^ . 

36. H6 clouds extend more than 45* above the horizon, and H5 clouds do not extenli above 45 . 

37. An'H7^(oud (cTrrosttatus) must cover the entire sky, 

38 When cirrostratus clouds are in patches (not cirrus), you can classify them as H8.' 

39. B5rthe4ize of the elements. If^an average element does not cover your little finger at arms length 
when the cloud is 30* abov6 the horizon, the cloud js cirrocumulu?.* • 



40. Cirfocumulus clouds must be predominant to be encoded H9. 

41. These clouds are usually formed by' a mountain wave condition which can also cause severe 
turbulence. . 

_ * 

■ 42. Standing lenti^Ular-(ACSL>-a^^ 

43. Cloud type L5. siratocumulus. <^ ♦ ^ 

•44. 1964. . ^ 

„4_5. 107/ (whenever you have more than one cloud type in a division, you select the.tvpe'.-t4^ is most 
significant). . ' * ' 



Section 2 . ' r 

K To be a layer, clouds or obscuring phenomena must have horizontal bases 'at the same level. 
.2. Sky cover symbols represent the total sky co^red a^and 'below that*level. 

3. .(ID. . ■ ' , 

4. •*S3" and "120" respectively. ' ' ' . 

5. A ceiling is the height of-the lowest l^er of clouds or obscudng phenomena aloft that is reported 
as broken or overcast and is not classified as thin; or the vertical visibility m a surface-based 
obscuring phenomenon not classified as partial. • . 

6. *\M." 

7. The ceiling designator'"M-- can be obtained from'the known heights of^objects such as radio 
towers within nautical miles of the airfield- 
s' l8-035-0R95(II), 

9. .X350A13Oe. , • " 

10. The point at which the balloon first begins to fade from sight. 

11. All forms of moderate precipitation except drizzle affect ceiling balloons arid require the use of 
ceiling'designator "E." 

12. When the areah's not mountainous or hilly, tbe clouds are formed locally, the clouds are at or 
be|pw 5.000 feet, and recent dewpoint and free air tempe'raturc readings are available. 

13. A ceiling represents vertical visibility into sUrface-based obscuring phenomena. The height of 
ceiling layers aJoft represents the* bas^ of the layer. 

14. W4X. : . , ' ' 

15. Column'3: iVf25V<D ; Columnni3:.CIG 22V29. m 



16. -Enter ODV® as a remark in column IJ. 

17. Column 13: S46/1831 16501)2001. 

18. "BRKS W." 

19. Column 13 contamS a remark tffa^ reveals the phenomenon and its amount in tenths such as H3. 

20. IC40®. 



Section 3 ' ^ , . 

- . • \^ 

1. Dark obfects. - ■ . 

2. Accumulation of ice or precipitation on lights and lack of contrast or sharpness at sunrise and 
sunset cause apparent reduction m visibility. 

3. No. To report a visibility, your estimated visibility must be twice tlH^istance to the most 
distant marker. 

4. 2\i miles. * ' *• * . ' 

5. * First, sector visibility, aids in determining the prevailing visibility, second, it points qut sectors of 
/the'^orizon where the visibility is significantly different from prevaHirig. 

6. Current light setting. 

7. The l-mmute value Uses ihc current light setting, and the lO-minute value uses the highest avail- 
able Hght setting. ' 

8. Yes. RyR is reported when prevaifing visibility is 1 'mile or less, or RVR is 6,000 feet or less. 

9/ Because the prevailing visibJity (average) is 3 miles and variable visibility is reported only whei) the 
• prevailing visibility is less than 3 miles and Jhe visibility varies by one or more reportable values. 

10. VSBY NW13/4 NE2. The other sector^ are omitted because. SW represents prevailing and SE is - 
3 miles. " ' . v ' ' • ^ 

11. (iMR18VR14/12) RI8VRIO. ' " ^ 
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Section. 4 ' 

1. Hurricanes ^re a special weather phenonienon distinguished from others by its large size. Thef storm 
encompasses so vast an area that its presence is obvious. Therefore, it is "not reported as such oh 
AWS Form 10. All the-assoicated weather is reportable as individual elements. 

2. . A tornado. . -. • 

3! "T+" because hail greater than 3/4^inch in diameter occurred. .. - ' 
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V 4. 
5. 



s . 

8. 

■9. 

10. 

II. 

12. 
13 

14. 
15. 

16. 

17. 

, 18. 
19. 
20. 

21". 
22. 
23. 



Drizzle droplets are smaller, closer to sach other, and appear to float as they follow air currents. 

Precipitation is classified as "freezing" when liquid precipitation freezes upon impact with the 
surface or objects 6n the surface. * . . 

Ice pellets.' , ' ' T - , * ; . 

Hail is distinguished by its irregular shape and generally^ Va'rge size. 
Sno w. pellets. ' - ' ' " 



Snow'grains are small and fairly flat or elongated m shape in comparison to the fuller branched 
development of snow. , * . * v 

irftermittent precipitatiori must stop and recommence at least once wuhin the hour precedirig the 
time of observation, whereas continuous precipitation does not stop during the preceding hour. 

Showe'ry precipitation. " . 
Hail and ice Crystals. 

VisibihtyMS, the best method; however, when obstructions to vision ^occur with snow or drizzle,, 
the rate of accumulation may be the only guide. ' ^ 

None. Only obstructions to vision that restrict the visibility to less' than 7 miles are reported. 

Fog either reaches the base of the clouds or covers at least 0.'6 of the .sky. Ground fo^ covers 
less than 0.6 of the sky and never reaches the cloud baseV » 

Blowing snow restricts the visibility to less than 7 miles at eye level, whereas drifting snow does 
not. 

Ice fog» particles and ice crystals produce sin^ilar optical effects when observed through sunhght 
or other light sources. * ' • , . 

r 

» 

Dust, blowing dust, blowing sand, haze, and srrfoke. 
Dust. . 

Smoke. at sunrise or sunset gives the sun a reddish coloring. During the daytirne a slight redAsh 
tmge may also.be present. , . . , ' 



FUNNEL CLOUD, T+, L, RW-. ZL,* A, and F. 



STATE POLICE TORNTiDO ASW.QfKC MOVG, E 1610'. 

T B37 SW-W-N-E AND OVHD MOVC E PK WND 21/35 37 

The location from the station for this, particular remark can vary; for example, SW-NW-NE-E 
AND OVHD. However, usually the format that requires the least number of teletype characters 
Shourd be used, provided you do not exceed 90* with any combination of direction pomts. - ' 



24. T B31E47 MOVD E PK WND 27/45 41 otNL/LTGCGCCE 
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25. AEi35 HLSTO \V^. 

26. ^NTMT indicates that the precipitation has stopped and Recommenced at least once in the 
^past hour, whereas the remark **R-OCNLY R" implies a change in the intensity of continuous 

precipitation. 

27. When the ground fog depth is less than 6 feet deep. 



Sections 5. 6 and 7 

1. Atmospheric pressure is.i^efined as the pressure exerted by a column of air. of unit area, extended 
vertically from the reference surface, lo the top of the atmosphere. 

,.'2. Aneroid barometer, microbarograph, and mercurial barometer. 

' 3. Station pressa^e is the atmospheric pressure at statipn elevation. 

4. A new set of comparison readings must be accomplihscd as directed by FMH-I. - 

' 5* You must read the mercurial barometer every b hours to, obtain a correction lor the micro- 
barograph, which is now the primary instrument. 

6. Station pressure, 12-hour mean temperature, and station elevation. 

7. He uses it to adjust his altimeter so that he can maintain a reasonably true altitude while in 
,flight. 

0 

8. Sea-level pressure ar^ altimeter setting. 

9. 'TOW 889.^ -'LOW" is added when the altimeter setting is lower than 29.00. inches. 

10. When the microbarograph is m use, an additional seven linds (59-65) on AWS Form 10 must 
bt completed once every 6 hours. 

11. Read pressure as close to the hour as possible, usually after all other elements are observed. 

13y Station pressure to the nearest 0.005 inch of mercury is entered m column 17 once very 3 hours. 

13. If the barograph is reset, place an asterisk before the "zero'' correction and make a npte in 
column 90 (*barograph reset to zero correction ct MIO LST). 

14. The remark "PRESFR" indicates that the pressure is falling steadily at the rate of 0.06 inch per 
hour or more, wKereas "LOWEST PRES'* indicates that the pressure has fallen and then risen 

. rapidly. * ; ' , ^ ' 

15. The Air Force uses a psychrometer or an automatic sensing hygrothermometer. * *^ 
1'6, -The temperature of the free air is sometimes refcjrred to as tp ambient tejiperature. 

17. The dcwpoint tempjerature. ^ ^ . 



f 

18. Dcwpoint, air temperature. 

20. When the wet-bulb' '-wick is covered with ice. 

21. Enter the temperature as 23 and the dewpoint as 9. 

^ — 

22. Magnetic north. 

23. The scale fitted above the pen indicates true direction. 

24. The agonic line is a line along which true and magnetic direction are the same. 
Jet:r::;:fe Sp^S' " " '° - Beaufort wind sc.e to 

26. Gusts are identified by the symbol "G," followed with peak speed. 

'oruteV'"""^' "^'^'^"""-^ P-'^ ^P-^ Observed during tfie same 

28. Wind shift is a change in direction of 45' or more within 15 minutes. 
29= 1918G24. 

30. PK W|^D 27/37 46. . ' 

31. MAG. • . 

32. Column 90 6f AWS Form 10 

Sections 8 and 9 

1. The primary objective of column 13 entries on AW^ Pnr^ in v * 
.g.-d.» of ,hjs ,pp„e„, ..c^pa^or Tpr^^rr^i ^ ^^^^^^ 



4, 299 99103. 

5. ' 21212 ON^, 
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6. Enter **90499 90410" in column 13 following the cloud code gr<|up data. 

7- Average the measurement of several areas, insuring that the maximum and minimum depths are 
included in these measurements. 

8. The precipitation amount 0.47 inch would be coded as "30047." 

9 Freezingjevels from a raob balloon (RADAT), relative humidity at the middle coded height 84 
percent; (019), height at which sounding first crpsses 0* C isotherm is 1900 ft; (045), height of 
next to uppermost level at which sounding crosses 0' C isotherm is 4,500 ft; (051), height of 
uppermost level at which sounding crosses 0* C isotherm is 5,100 feet MSL; /I, indicator to show 
that one additional crossing of the 0* C isotherni occurred. ^ 

10. An icing level is present at 9,500 feet MSL over your station. 

11. This column 13 entry indicates that there is loose snow on the runway (LSR), the runway 
condition reading is 15, and the runway has been sanded. • 

12 The four conditions that require weather modification remarks in column 13 are: (1) when they 
' are about to take place, (2) when they are taking place, (3) when .they have ended, and (4) when 
dispersal efforts may cease to affect the terminal weather. 

13. Normally during the period in which DEFCON 3 or higher is declared. - ' 

"I ' 

14. Column 2ris the only summary column requiring houriy entries. • ^ 

15. Column 42 time entnes divide the observing day into 6-hcur periods from midnight to midnight 
for the 6-hourly observations. . ^ „ , • * 

^. ■ 

16. Column 68, 

17. Precipitatiorn snowfall, and peak wind. - ^ ^ 

18. On the first page for each new dty and when the weather sensor equipment is changed as^a result 
of a change in active runway^. / ' » 

' 19. If the temperature is missing, enter an M in column 7. ^ . - . 

20, Filing time is the time when you deliver your report to communications or transmit it yourself, . 

2T CAiPct the error by red-lining the incorrect entry Ihd entering ihet proper data in red above the^ 
' i^ioTrect data on In column 13 with an identification. Then enter^COR" in red in column 13, 
folWid by filing time: ^ ^ • / ' ^ i 



Scction'^lO 



CHAPTER 2 



1. Form 10. 

2. Within 15 ininutes of the lasffentry on yoUr :F.orm JO. 
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3. Hourly. 

4. A 3-hourly observation contains the additioriaJ data of sea-level pressure and coded groups' 
(app'and iC-C^C^^). . ff 

5. The remark (TCU W-N) ^ould -be entered before ^le coded groups. 

6. Take a special observation. ' , • , . 
"*7. A special observation. ^ 
8# A special observation. 

I 9. A special observation. » -'^ 

10. Tak« a-speciaJ obsen-ation immediately." This special may be a' single-element special and must 
. . .descnbe the storm and provide the tilne and location of occurrence. 

■ • .s . • 

11. A special observation.', , ■ ' i .* * . 

: ' ' ' "■• . 

- n.^ When the average l-minute speed suddenly increases to twice, or more than twice, the currently 
^ reported 1-minute wind speed^and exceeds 26 knots. 

13. This observation does not contain mandatory special criteria and probably was recorded as a local 
observation because of established .policies at the station (lowering of visibilities, ceiling, and 
appearance of ground fog). NOTE: At some stations this situation may be a criterion for a special ^ 
based on local needs. • . . . ^ 

14. Thev observation at~-1328 contains the first mmdatory requirement for a special observation 
(Visibility). . ' ' 

15. The observation, at 1341 does not cofit^in mandatory special criteria, but the lowering of cloud 
layers and/or visibility are likely local criteria for that station. 

16. Clouds below 1,000 feet that wefe not previously reported and visibility lowered to below 2 mil£S. 

17. There are two conditions that meet mandatory special criteria in this record special observation- 
the calling lowered below 3.000 feet a^d the beginning of precipitation otheV than very light. ' 

18. Take a local observation immediately-; including all columns of Form 10 that are needed for a 
record observation e.xcept sea-tevel pressure data. Disseminate the observation locally only and omit 
the contraction "ACFT MISHAP" from the transmission. „ / y u omn 

* 

19. A local obsfiivation IS 'required. • . 

20. At locations where the local dissemination device does 'not provide a printed record, and the local' * 
. ' observation contains only an altimeter setting. 

r 

21. The first coded elements of any pilot report are the location and- the time of observation. . ^ ' 

22. M^E-30W TOL. ^ . . • ^ ^ ' 

* • ' ^ * # ' 'i ' ^ 

23.. You must be sure that the time is the time the phenomenon actually occurred and ^ot the time 
' you received it. . 



24. The PIREP is from Denver, Colorado, to Little Rock,* Arkansas, and the report began at 1615 
and .terminated at 1902. 

25. PIREP cloud heights are encoded in hundreds of feet MSL. 

26. Several types are: tornadoes, funnel clouds, waterspouts, thunderstorms, and hail. 

27. tGT, MDT, SVR, and EXTRM. • 

28. Severe clear air turbulence at 26,000 feet MSL; report by a C-5A aircraft. 

29. LGT MXD ICG 45 T-.29. ^ 

30. Turbulence and icmg are both types of phenomena that can alter or influence the aerodynamic 
forces that act upon an aircraft. Certain types of aircraft are affected differently by these 
phenomena; therefore, it 'is helpful to know the type of aircraft. 

31. 60<ID 300U335 CONTRAILS 410 F-111. 

32. When the aircraft is actually struck by electrical discharges in flight. 

33. RAN PIREP lOSW RAN 1127 WND 270/45 80 LOT CAT 110-130 310© F-110. • 

34. When tornado activity, seyere or extreme turbulence, hail or heavy icing are reported, the encoded 
PIREP must b c M ^m itted longline as a warning (WO). 

Section 11 - ' , 

1. Base operations, control tower, and GCA units are usually on the local dissemination list for 
observations. ^ 

. 2. FMH-1, AWS Form 10. ^ 

3. "ACFT MISHAP.^' * .. . . . , 

4. When speaking into an intercom system, you should talk at a moderate speed and speak very 
clearly. . • ^ * ' " ' 

5. When establishmg your first contact on an intercom system, you should be sure to identify . your- 
. ^ self. " ' * " 

6. ^ ^^isibility one and one half. '■ - . 

'7. When disseminating the* altimeter setting, foun digits are used. y ^ 

8. - South, one and one half. ■ , T ' * - ^ 

9. After local dissemination ihe next priority is longline transmission. 
.10. the ADCAD/OWS teletype systenfi con$ist$ of two paralleling eight-circuit networks. 



1 1. The "tem "H-Time messages" is the automatic scanning by the programmer to collect hourly 
observations. ^ 

^9' Because the ADCAD/OWS programmer transmits the stations TSC which causes the ADCAD- 
outstation code generator to generate SOM and automaUcally transmit in proper sequence. 

13. The term 'TTime messages" is the automatic scanning by the programme!; to collect special 
observations. " ^ 

* 

14. The term ''special category traffic" is used to differentiate between special weather that must be 
collected on the OWS network, at specific times, and the routine data being relayed on this 
network. - 

15. The two types of SP traffic presently polled on the OWS network are SOUS - SPl and 
TAFOR/PLATF • SP2. 

16. TYPNO (OK) messages are transmitted on COMET II. ^ 

17. The mainland U.S. is divided into eight separate weather circuits. 

18. AWSM 105-2; Volume 2, contains the listing of weather teletype bulletins. 

19. The detachment commander. 

20. It is outlined in black. - 

21. One type is a weather satellite chart. 

22. Forecaster's. & ^ 




Section 12 



1. One of the prime purposes of weather radar observations is the early detection of hazardous 
weather phenomena. 

2. When no echoes are observed, primary radar reportmg stations must tranStnit the minimum of one 
radar observation, "PPINE," every Itqur. 

3. When precipitation echoes or fine lines associated ^h meteoro'logicaT discontinuities are present 
y on the radar scopes. • 

4. *Take a special rada? observation. 

5. _Th'at the echoes^afc^fif^.e shape of;a brgkeh line (6Al6 to. 9/10 coverage). 

6. Use'surface IVeaOi^r reports, visual observations, and PIREPs. 

7. *R6flectivity values provide a method of determining echo intensity. 

8. Because of special problems* involving rc|lectivity mfiasurement, echo intensities are not reported for 
ice pellets, freezing drizzle, drizzle, hail, or snow. ^ 
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9. When the echo systems that you are reporting are farther than 125 nautical miles from the 
station. 

10. By using a trend of past reflectivity values. 

1^ To the nearest whole degree and 'nearest nautical mile. 

>rting as many direction and distance points as necessary to^ provide an approximate 
luction of the echo a^ea when the points are connected. 




13". Re.port cells otprcular areas by ^ving the direction and distance to the center of each cqU or 
area-and the diameter (D) of the' echo* 

14. Report as many points as necessary to establish the axis of the line. Further identify the line by 
reporting the average width. 

15. "12W" indicates that the average width of a line is 12 nautical miles. 

16. Report the diameter. For example^ "DI5" equals a i5-m!le diameter. 

17. Echo, system movement is obtained by using at least two successive positions 1 hour or more 
apart. For cells and small elements, determine the movement over a 15-minute interval if it is 

sentative. Report the direction from which the echo is moving in teps of degrees and report 
speed of movement to the nearest knot. 

i 

18. You cannot accurately determine the movement of the echo, therefore, enter a remark, such as 
PCPN AREA CNTRD THISTA, to explain this situation. 

19 When scanning for echo top measurements, you must consider range limitations which vary depend- 
ing^on the type of radar being used. 

/ 

20. To support and amplify other elements of the radar observation. 

' / 

21. In the Remarks section as "MLTLVL," followed by the height in hundreds of feet MSL. For ' 
example, MLTLVL 67. . 

22. RHINO. . . / 

23. When a special RAREP is required at a nonscheduled transmission period, it must include th^ 
contraction "SPL'' followed by a GMT, time group. Otherwise, the "SPL" prefix is all that/is 
required. " j 

24. ABO SPL 191 5Z PSBL FUNNEL CLOUDS JOW MOVG ENE. 

25. Draw a red .line through* the incorrecr^ntrjj and ent^r the correct value above it in red. When the^ 
^-corrfectipn js. transmitted over teletype, enter "COR" and the GMT transmission time in r6d^lh the 

Remarks section. ' * . s . — . - - 



■ MODIFICATIONS * ' .g, 

^Jjl^ ^ o f this publication has (have) been deleted in' 

adapting this material for inclusion in the "Trial Implenjentation of a' 
Model System to Provide Military Curriculum Materials for Use in Vocational 
and Tvchnical Education." Deleted material invc^es extensive use of 
militeiry forms, procedures, systems, etc. and was not considered appropriate 
for use Ln vocational and technical education, • * ^ 



1. MATCH ANSWER 2. U S E N U M B E R 
ZTrtO SHEET TO TririS . PENCIL, 

»TOP- EXERCI>SE NUM. 

BER. * 

> 25251 02 26 

> * 

VOLUME REVIEW EXERCISE 



Carefully read the following: , % • 
DO'S: ' J ' 

1. Check the "course," -^Volume;' and "form" numbers from the answer sheet 
address tab against the **VRE answer sheef identification number" in the 

* righthand column of the shipping list. If numbers do not match, take action 
to return' the answer ^ect and^ the . shipping list to ECI immediately ^ith a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column 
to 'column. 

3. Use only medium sharp #1 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet. After you are sure of your 
answers, transfer them to the answer sheet. If you have to change an answer 
on' the answer sheet, be sure that the- erasure is complete. Use a clean eraser. 
But try to avoid any -erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Vojume Review Exercise booklet fOr review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student, send questions or comments to ECI on ECI 
Form 17. ^ . 

DONTS: 

1. Don't jise answer sheets .other than one furnished specifically for each review 
exercise. 

2. Don't<a»a^k ^.jhe answer sheet except to fill in marking blocks. Double 
marfcs^or cKessive markings which overflow marking blocks will register as 
errors. , ^ 

3. Don't fold, spindle,*staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than with a #J black lead pencil. 

NOTE: The 3-digit number in parenthesis immediately following each item num- 
ber in this Volume Revi^ Exercise represents a Guide Number in the 
Study Reference Guide which in turn injli^tes the area of the text where 
" the answer to that item can ^fjolind. For proper use of these Guide > 
Numbers in assisting you -with >^ur Volume Review Exercise, read care- 
fully the instruction^ in the h/ading of the Stu'dy Reference Guide. 
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Multiple Choice 
Chapter I 

K (200) The number of basic cloud forms generally used by meteorologfsls is 



• '5 



7^ 



a. 3. 

b. 7. 



c. 10. 

d. 27. 



(200) Assume that you observe low, grey, ragged clouds, thick altostratus or mmbostratus clouds 
and light^ precipitation. Which cloud code group is correct'^ 



a. 162/. c. 172/. . . ^ 

b. 171/. ^ ^ ' d. 161/. 

3. (200) Which of the following options gives a correct comparison of cumulus and cumulonimbus 
clouds? 



Cumulus 

a. Nonstratified top. 

b. Thunder and lightning. 

c. Exj^nsive vertical development. 

d. Massive appearance. 



. Cumulonimbus ♦ 

.Anvil top. 

Good weather. 

Little vertical development. 

Small appearance. 



4. (200) When cumulus and slratocumulus (not from cumulus) appear together, you code them as 

a. -8 if their bases are at different levels. ^ - • 

b. Cj^-2 if their bases are at different levefc. * 

c. -2 and C^^ -5 regardless of layers. * ' , 

d. Cj^-2 because of order of encoding priority. * . ' 

5. (200) Assume that you observe large massive low clouds with tops that lack clear outlines but no 
appreciable stratiform development, altocumulus clouds that appear to have formed from cumuliform 
clouds, and the "cirriform remains of a cumulonimbus cloud. Which cloud code group is coriecl? 



a. 1263. 

b. 1362, 



c. 1363. 

d. 1963. 



6. (200) One way to recognize cumulonimbus L3 from L9 is by the ^ 

a. massive appearance of L9. 

b. occurrence of lightning or ^thunder with L9. 

c. fibrous top of L3. 

d. "mammatus formation associated with L3, ^ 4 

7. (200) Which cloud types are present for a cloud code group of 147/? 

a. Slratocumulus from cumulus, altocuihulus, and altostratus. . 

b. Slratocumulus not from eumulus, altocumulus, and nimbostr'atus. 

c. Slratocumulus from cumulus and semitransparent altocumulus.* 

d. Slratocumulus not frgm cumulus and cirroslralus covering entire sky. 



42 



2b 



J 



J 



ERIC 



8. (201) Which cloud types ^re pr<^scnt for a^cloud code group of 1838? 

a. Cumulus, siratocumulus not from cumulus, semitransparent altocumufus, changing sloWly and 
patches of cirrus. 

b. Cumulus, stratocumulus from cumulus, semitransparent altocumulus, changing rapidly, and 
patches of cirrostratus. i , * 

c. Cumulus, stratocunuilus not* from cumulus, semitransparent altocumulus, changing slowly, and 
patches of cirrostratus. 

d. Cumulus, stratocumulus from cumulus, semitransparent altocumulus, changing slowly, and 
patches of cirrostratus. 

9. (201) When the sun appears dimly visible as though seen through ground glass„the cloud type 



affecting the View is 

a. cirrostratus, 

b. stratus, 



c. altostratus, 

d. altostratus, c!^-). 



10. (201) Altocumulus clouds, €^^^-8. appear as either 

a. altocumulus or altocumulus together with altostratus. 

b. rounded masses or bands. 

c. iuhsj>rW)a^ / 

d. patofies oV^|en;^ular Jshaped. 

11. (201) Cirrus and cirrostratus clouds differ primarily because of the 

/a. more veil- like appearance of cirrostr!atus clouds. 

b. darker appearance of cirrostratus clouds. 

c. thinner composition of cirrus clouds.^ 

d. greater horizontal extent of cirrus clouds. 

12. (201) The difference in classification between high clouds 6, 7, and 8 is that 

a. H8 is cirrostratus, ^6 and H7 are cirrus., 

b. H6 is invading, H7 and H8 are not. . 

c. H7 is semitjransparent, H6 and H8 are dense. 

d. H8 covers the entire sky. H6 and H7 do not. 

13. (201) Select the statement which best describes orographic clouds. 

a. A rotor cloud remains stationary. 
^ b.-^ehnN^alf is cumuliform m appearance. 

c. Orographic clouds indicate stability. 

•d. A lenticular cloud resembles a "mackerel" sky. 

iK. (201) Which of the following is characteristic of lenticular clouds'^ 

' H ^ 

a. 'Usualljyr opaque. . . . 

b. Continually changing in appearance, 
expound 'at a single level. ^ 

d. Dissipated quickly by high winds. 
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15. (202) Each sky cover symbol represents that portion 'of the sky covered 

"> • - 

2U at that level and above. * 9* below that level only, 

b. at that level and below. d. at that level \)nly. 

16. (202) Suppose that the lowest layer covers 2/10 of the sky, the.sccond layer covers another 4/10 
but is 3/10 thin, and the hi^est layer covers the entire sky. What is the correct entry for column 
3 of AWS Form 10? ' . ' ^ , 

a. (D, (E), -dD. c. CD, dD, dD. 

b CD, '<S>, ©. d- ®» -dDi 

/ . 

17. (202) Select the correct column 3 entry 2/10 surface-based obscuring phenomena, 0 lO cumulus aj 
2,800 feet, 3/10 smoke layer at an estimated 4,500 feet, and a solid- overcast measured by TPQ-11 

I ^adar at 12,000 f^et. ' , * 

a. .X28a)R120e. c. .X45CDR120e. 

^ b. «X280E45(n)12Oe. * d. .X280450R12Oe. 

18: (202) Suppose that you have the sky partly obscured by 6/10 fog and 2/10 of clouds are visible 
also. What is the correct symbols for column 3 of AWS Form, 10? 

a. .X .0. , ' c. -X .(ID. 

b. -X 0. d- -X €>. ^ 

19. (203) A large tower 1 1/16, miles from the airfield reveals the base of (he clouds to be 250 feet. 
What' column 3 entry should you make on AWS Form 10 if the layer is oyercast? 

a. E3©. c. M3©. 

b. E2©. d. M2©. 

20. (203) Your. FPS-77 radar reveals the base of the clouds to be 21,300 feet. What column 3 entry 
should you make, on AWS - IJorm- 10 if the layer is 9/10 coverage? 

a. E220<fl). ,^ c. R21O0D. 

b. R220(n). ^ . ^ E219<n). / 

* , . / 

21. (203) Suppose that lO' minutes ago within mile of the runway, an aircraft reported the ceilmg 
height at 2^00 feet, 6/10 coverage. You obtain a balloon ceiling height for the same layer at 
2,900 feet. How should you report the ceiling? 

<• 

a. E27V(ID. c. E27(ID. 

b. A25(ID. . d'. B29(ID. 
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22. -(203) Situation' An aircraft flying over the runway within Smiles and 10 mmtftes frbra observation 
time reports the vertical visibility as 1,500 feet. The whole sky is covered by snowf: however, 
3/10 of the sky is visible through the snow in the SE. Ho^ should you report this condition 
columns 3 and 13 of AWS Form 10? 

Column 3 'Column 13 . . 

. a. -X ' S7, - - • • 

b. AISX . nor^e ' ' 

c. W15X •■ *•» S7 " 

W15X / ■ . none . U ■ 

_ 23. (203) Suppose that the ceiling is fluctuating rapidly between reportable values of 1,30(1- 1,500, ' X 

1,600, and 1,200 feet. Which Form 10 entry is correct? " . ' ' ' • 

s 

Column 3 ■ Column 13 > 

A 

. ,a-Vl4V9 • CIG VRBL 

^- M13V9 VRBL . / 

c. M14V9 • 12V16 ' 

d. M13V9 • CIG 12V16 

24. (p03) Situation: The present sky condition is 5/ 10 cumulus at a measured 2,500 feet and an 
estimated 7,500 /eet overcast. The first layer occassionally becomes broken and you can see 
higher clouds through breaks in the overcast. How shquld you report this situation on Form 10? 

Column 3 ■ Column 13 . • • 

a. M25 (D 759 ' ' odv© hIR CLDS VSB 

.b. 25 ® E759 QV® BINOVC 

c. M25 0 E759 • QV® HIR CLDS VSB 

d. M25 <S> 75® (q)V0 BINOVC 

25. (204) Which of the following options is not 2i reportable visibility value? , ^ 

* *■ . ' . 

a- 5/16. ' c. 1 7/8. 

b- 7/10. • d. 3/8. 

26.. (204) When is RVV reported in'all observations? 

a. Whenever the prevailing visibility is 1 mile or lesJ and the RVR is 1 mile or less. 

b. Whene^r the prevailing visibility is 1 mile or less and your station does not report RVR. 

c. Whenever the prevailing visibility is 2 miles or less. \ ' ' 

d. Wheneyer the prevailing visibility changes by a reportable value. ^ 

27. (204) \yhen is RVR reported in all observations?^ . - • 

a. For every change in reportable value. 

b. Whenever prevailing visibility and RVR is 1 mile or less. 

c. Whcne\fer prevailing visibility is 1 mife or less, or RVR is 6,000 feet or less. 

d. Whenever prevailing visibility changes by reportable value. , > . • 



45 



2^2 " 



28. (204) Which of the following options is the correct way to report variable visibility in column 4 
and column 13 of AWS Form 10? . " . ' " 

Column 4 ' Column 13 - ■ " ' . 

a. V lii * ' •■ VSBY 1V2 

• 'b. \V* ' . VSBY 1V2 

c. W* V ^ VSBY 1V2 • ^ X 

A \Va VAR' - VSB 1V2 > * 

29. (204) Which of the following options is correct for entering sector visibility m column 13 of AWS 
* Form 10? . ' v 

* ■* * 

a. VSB E thru NNW VA. ' c. VSBY E S2 1/8. 

b. VSB E-SW 5. d. VSBY SE ll4 Si. * 

30. (205) Of the following weather phenomena, which can be used as a deiinit^ guide for determining 
the presence of a severe thunderstorm (T+)? 

a. %-inch hail.* • ' c. Frequent thunder. 

b. 35'knot winds. d. Mammat.us development. 

31. (205)^ Which descriptive term does not apply to the corresponding solid precipitation form'' 

^ a. Snow grains-refrozen. c. Ice crystals-unoranched. 

b. Snow-branching. d. Snow pellets-crisp. • ^ 

32. (206) Which of the following entries in column 5 of AWS Form 10 incorrectly shows ■ ^ 
- obstructions to vision? ^ 

a. 5 RW. [ " c. 7 H. . ' . \ 

b. 6 y . d. 5 BS. 

33. (206) Which of the following examples illustrates the correct order of entry for weather and ^ 
obstructions to vision in column 5 of AWS Form 10? * 

, a. T, L-, Zb, SG+, F. •' ^ c.^T, I^, F, S. ^ • 

b. T, RW., SG+, ZL, -F. - d. T, ZR, R-, SG-. 

34. (206) Which of the following examples of column 13 significant remaricS-^ncorrec/? 

• a. TORNADO B53 W MOVG NE PK WND 27/85 58. V 

b. WATERSPOUT E56 MOVD E- PK WND 30/37 51. 

c. UNCONFIRMED FUNNEL CLOUD 20W CLL MOVG E 'L920. 

d. STATE POLICE REPORTED POSSIBLE TORNADO « MILES WEST OF FWJI :MOVG 
EWD AT 1930 GMT. , ^ , ^ 



35. (206) How many significant remark "contractions are there for the types of lightning? 

a. 3. c. 5.' 

b. 4. X ' . d. 6. 
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> 36. (206) Which example shows the correct usage of a significant remark *for'-hail? 

a. HAIL B35 HLSTO c. AB35 HLSTO IW DIAMETER. 

T). HAIL B35 IY4 DIAMETER. d. AB 35 HLSTO IW. • > . 

37. (206) Which example shows the correct usage of a significant remark? y 

• ^a. INTMTRW-. ' . C^OCNL R-. ' ^ 

b. SNOINCR 1. ^ d. RW-OCNLY RW. ^, • 

38. (207) When can a new aneroid barometei be used? 

a. After 1 week of checking readings against some standard. ^ 
b^ After being calibrated by the field maintenance shop. ^^^K 
^ c. After comparing readings with the mercurial iJS^ometer in accbrdiice with FMH-1. 
d. After 2 weeks of checking temperature zone that the aneroid -iV^located. * 

39. (207) Station pressure, thodgh not trinsmitted, is recorded in column 17 of-A\VS Form 10 once 

- . every hour to the nearest 

a. .001 inch of mercury. ' 'c. .010 inch of mercury. 

b. .005 inch of mercury. d. .001 millibar. 

40. (207) When the barograph is reset, it should be shown on AWS Form 10 by placing an ^terisk 
before the "ZERO" correction and making a note m column 

^- 59. • c. 72. } 

^- 65. d. 9d^ 

4ll (207) If the pressure trace on a barogram shows a rapid falf of 0.06 mch per hour, the 
significant remark made in column 13 of AWS Forn[ftlO to indicate this situation is ' ' 

a. PRESRR. ' c. PRESFR. 

b. PRJMP. d. PRES UNSTDY. ' ' * 

42. (208) A temperature of 10 below zero is recorded in column 8 of AWS Form 10 as 

a. minus 10. • . c. minus ten. 

b. 10 below. ' d. -10. 

« 

43. (208) After obtaining your local magnetic variation, you may convert' magnetic direction to 
true direction by \ 

J T / 

a. subtracting easterly variation from inagnetic direction., " ' ' _ ' 

b. subtracting westerly variation frorti magnetic direction. .k 1 ■ , ^ 

c. adding westerly variation to magijetic direction. * ' . ' .' 

- d. adding easterly variation to true direction. ' " . ' * 

44. (208J Which of the following is an example of gustiness? * ' ■ 

.a-.40Q20. ^ . ^ c. 10+30.- 

b. 15Q37. * d. 12G35. ' 
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4Sx (208) Suppose that the duty forecaster informs you of frontal passage at 1318 GMT. Which is the 
correct column 13.entry? . , • 

a. WNb) SHFTG GRDLY. ' c. WSHFT 1318, - * , \ - 

b. WSHFT 1318 FROPA.' . d. WSHFT FRONPA. . 

46. (208) Which of<the following is an en,c6d.ed wind at 105 KTS from J 60"? « 

a. 160^ one hundred. . * » c. I6I05. ^ _ 

'b. 1605 one. \ , d. 6605. • 

47. (208) A peak wind of 37 knots from 27p° at I H6 GMT U Yccprded in column 13 of AWS 
Form 10 as * * . 

a. Peak Wind 37/37 11 46., * c. PD WND 37/37 46. 

b. PK WND 27/37 1146. ^ ' d. PK mD 21 m 46. 

-/ , ' • ^ , . 

48. ' (209) Suppose iha| you have determined that the pressure barometric characteristic isj;8" and the 

coded tendencj^ is "ir7." How is this data entered in column 13 of AWS^Form lO^^e 
6-hourly liqurd p?fccipitation,was L37 inches? ' ' . 

a. 'a9937 99117 ONE. ^ - c. 89^ 99 M 799 137. 

b. -89937 ONE 991 17. d. 8993799137991 1.7. , , 

49. (209) How is a snow depth of 118 inches encodeci in colu'cnn 13. AWS Form 10? 

a. 90418 0N5. p. appl8 ONE. 

b. 90499 99118. , d. 90499j90418. ^ / 

,50. (209) How IS a 24^hour precipitation of '2.38 inches Encoded in column 13^ AWS Form JO? 

a. 24238. * v * c. 20238. / 

b. 20038 TWO. . d. 24038 JWO. ^ ^ 

51: (209) The third digit for RADAT code is - 



a. the relative humidity at the first crossing of the 0* C. isotherm. 

b. the height of the first freezing level. 

c. a letter designator identifying the 0* C. isotherm crossing to whicl^ the coded valuQ of UU 
corresponds. " ^ ' 

d. an indicator group used to show the number of crossirigs of the 0* C. isotherm other than ^ 
those heights are encoded. ■ • 

52. (209) Which additional data remark indicates that slush* is on the runway, patchy runway 
conditions, and a runwjay condition reading of 15? 



a. LSRliP. 



' c. SLRP15. , . 



b. LSRPI5. c d. SLR'15P.' 

* • 
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5 J. (209) If you are assigned to weather uniwwiihin the CONUS or A'laska./when are you normally 
• . required tP transmit radiation intensity data? i . • ' ^ 

i * 

a. Once every 12 hours. 

b. Once a day at 0900 GMT. x 

c. Under specified conditions; usually during the period in which DEFCON 4 -dr higher is 
declared. ' * / 

d. Under specifi^^^ndit^ons; usifally during the pWiod m whicK DEFCON 3 or higher is ^ 
declared. 

^ i • • ■ 

54. (210) Which column on AWS Form 10 summarizes total sky cover for each record observation^ 
/ , * . " " * 

a. Column 3. ^ ' c. Cojumn 21. 
. Colufttn 13. , d. Column 90. 

^55. (210) Suppose that at a 6-hoitrly observation, you measure a 3-inch snowfall (.35-inch melted 
equivalent) during the pa^t 6 hours.. The proper precipitation and snowfall summary entries for 
AWS Form 10 are: 

Column 44 ^ Column 45 

^- ••^5 no entry. 

b. .35 , . 3.0, 

C. 3.0 ^ '35 " ^ > ' 

d. no entry. 3 0 ^ 

V 

56. (210) How is a 24.hour snowfall (unmelied) of 3 i/ches entered on aWS Form 10 and in- which 
column is it entered? \ 

«. . * « 

a. Column 6.9-3.0. c. Column 70-3. ' ^ • 

b. Column 68-3. . ' d. Column '70-3.0., ' • 

* . \ * ^ 

57. (210) In which column of AWS Form 10 are active runway and equipment changes recorded? 

a. Column 13. ' ' \^ C(5lumh -^O. • 

b. Column 21. ^ d. Column 90. ^ 



Ch^ 2 . ^ 



58. (211) All eWments of a record observation must be observed within how many minutes of the' 
last AWS Form 10 entry for the observation? * r , ' 

a, 10. c. 20.^ 

15. d. 25. 



1 
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59. (211) The 6-hpurly' observations are recorded at ,4 

a. 0009,^0000, im and 1800 LST, 
- b. 0000, 0600, 1200^ and J800 GMT. \ 

c. 03(J0, 0900, 1500, and 21«Q LST. 

d. 0300, '0900, 150D, and 2100 GMT. 

60. (21 Which change in visibility requires a special observation? 

' / 

*^ a. 1% miles of visibility becomes VA miles. ' , 

b: 2 miles of visibility becomes 3 miles. 

c. 3 n)iles of visibility becomes 5 miles. 

d. 10 miles of visibilfty becomes 3 miles. 

61. (211) Which of the following is not a criterion for taking a special observation"^ 

a. Thunderstorm stops. . . - 

b. Freezing pTecipitation begins, ends, or changes, in intensity. ' ' 

c. Wind direction chaTnge^ 35®, and takes place in less than 15 minutes. * * 

d. Tortiado is reported by the State police 1 hour ago. . 

' . 62. (212) Suppose that you are notified at 1030L to take an observation for an aircraft mishap. How 
is the report disseminated? ^» . 

a. Locally, but without the contrcvrtion "ACPT MISHAP.". 

b. Longline and locally, ^ut whhout the contraction **ACFT MISHAP." ' ^ 

c. Locally, using, the Form lO^columns normally entered for a local. 

d. Longline, as a special. * 

63. (!l\2) Which example shojvs the correct format for encoding the Jocation ^r extent of {Phenomena 
for a pilot report from 40 nautical miles sjouth of EAU to MKE from 1 1 1*62 to 1230Z? 

a. 40S EAU-MKE 1116-123D. c. 40S EAU-MKE 1230. 

b. .EAU 40S-MKE 1230. ' / d. EAU 40S-MKE 1 1 16-1230. 

64. (212) Which of the following is not a criterion for requiring a local observation a^ a weather 
station? ^^^.^ ' ' * " 

> I ' * 

a. Ice pellet's change intensity.* • 

b. Altimeter settings are required at the station at a frequency not to exceed 35 minutes. 

c. ACFT MISHAP. ^ ^ ^ 

d. The 1-minute mean RYR criterion- is first met. ' • - . 

65. (212) Which element of a record observation is, not included in an "ACFT MISHAP" local 
observation? 

* a. Temperature^ y c. S^-level pressure. ^ 

b. Ahimeter setting. ^ . d^-Dewpoint. 



^ K * 50* 
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66. (212) Which is a correct statement concerning the AWS Form 12, Pilot Report? 

a. The forecaster must review each report before transmission. 

b. The forecaster is responsible for making AWS Form 12 entries. 

c. The DETCO must certify all hazardous weather (WO) PIREPs prior to transmission. 

d. All times are entered in local time. 



> 



67. (213) Local dissemination procedures are based on the requirements listed in 

a. AFCSR 105-1. c FMH-1 

b. AFCSR 105^2. d. FMH-3. 

68. (213) When establishing your first contact on an intercom system^ou should be sure to do all of 
the following except to \ 

a. report rapidly. c. identify yourself. ^ 

'b. speak very clearly. - d. talk at a moderate speed. 

69. (213) What type of weather message is transmitted in H-time polling cycles? ^ 

a. Storm observations. ' c. Local observations. 

b. Special observations. • ^ d. Hourly observations. 

70. (213) Which of the following should be classified as special category traffic? 

a. PIREP. " . c. SOUS. ' 

b. Tornado. d. Hail. 
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71. (213) The mainland of the U.S. is divided into how many weather circuits? 

a- 6. ' 10. 

8. d. 12. 

72. (213) Processing of satellite charts is usually a function of the 

a. observer,. - c. DETCO. 

b. forecaster. d. maintenance technician. 

73. (214) If you are at a primary radarS«eportin'g station, what transmission should ybu^ake when 
no- echoes are on the radar scope ajt the hourly observation time? 

• a. PPINE. • c. PPINO.^ 

b» PPIOM. ' d. ROBEPS. " 

74. (214> When an echo is over or nearly over the station and you can not identify its position 
because of precipitation attenuation and ground clutter, how, if at all, should you report the 

.echo? 

a. Indicate its presence in remarks only, _ ' 

b. No entry. ^ 

c. Report it at a position compatible with previous trends of movement. 

d. 000/00. r 



75. (214) When determining intensity trend for a line of echoes, the minimum time period to use fs 

a. 10 minutes. , c. -30 minutes. 

' b. 15 minutes. ■ d. 60 minutes. 

76. (214) Which statement concerning the reporting of radar observations is not correct'' 

a. Irregular areas are identified b>^ as many direction and distance points as needed. 

b. Direction and distance points are reported con^cutively in a clockwise direction. 

c. Large circular areas are identified by reporting the center position and diameter of the area. 

d. Direction and distance points for echo lines are limited to the two end points on the axis of 
the line. 

77. (214) Determine the speed .of movement pf a radar echo syStenl on the basis of at least 

a. two successive positions 1 hour" or more apart. 

b. one position 1 hour or more apart. 

c. two successive positions 15 minutes or more apart. 

d. one position 15 minutes or more apart. 

78. (214) Assume that you observe a bright band on the RHI scope with the base at 6,500 feet and 
. the top at 7,300 feet MSL. How should you encode U? 

a. MLTLVL 65. c. BRIGHT BND 65. 

b. MLTLVL 73. -1^ .d. BRIGHT BAND 73. 

79. (214) Which coded RARER is correct for reporting an anficipated 12-hour equipment outage al 
Rawtoul (RAW) if the current time is 0640Z on the 9th and the alternate station is Grissom 
AFB (GUS)? r _ ....^ ' , . • 

a. RAN PPIOM 091840Z ALTN" GUS. ^ ■ c. RAN PPINA 091840Z aITN GUS.^ 

b. RAN PPIOM ALTN GUS 090640Z, ^ ■ d^RAN PPINA ALTN GOS 090640Z. ^ 



\ ' ^ Chapter 3 

80. ("215) Which AWS regulation is the numerical inde x for all AWS manuals? ^ ^ 

a. 0-2. . ' * • . crO-6. , * 

b. 0-4.' d. 0-8. 

81. (215) (n accordance with AFR 5-31, Air Force Publications Reference Systems, changes and 
supplements are filed in 

a. front of the volume to which it p.ertains.' i * 

, b. back of the volume to which it pertains. 

c. front of the blanSP pages at the back of the book. 

d. back of their basic publication. 
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MODTFICATIONS •* ' ' • 

U/^^ A of this puJjlicatioiThas (have) been deleted in 

\ adapting^ this mateAal "for- infusion 'in the "Trial" Imp-lementation of a 

Model System Co Pi;o*Me tiilitalry CurricuiprMaterials.^gor Use in .Vocational ; 
;uid TfchnicaJ E^catioh." i)ele£^d- material involves "extedsivb yse of 
■-.military forms, procedu^s, systems,' etc. aQd.was not considared a^ropriate 
^ for use in vocational andXtechnical educatioii. * . 
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CHANGES FOR THE 


TEXT: VOLUME 3 




iv 






Change currency date to "April 1974." 




r-1 


14 


Change -US Weather Bureau" to "National 

TT CalnCr^OCrViCC. 


I 


~ 1-2 


7 


\-nangc are sunace cnan to area sunace chart. 


6 


1-30 ' 


4 


, Change "ohe" to "the." 


7 


1-40 




Change "blobe" to "globe." 


• 9. 

10 


1-46 
1-56 


4 

7 


Change "four" to *Hhree." 

Change "snow showersshowers" to "snow 
showers.^ 


10 


1-59 


7 


Change "clous" to "cloud." • ' 




^ V 2^6 




Change "solid" to "solidi." 


\ 26 


2-67, 
Col 2 


11, 12 


Change "addepted" to "adopted." 


, - 27 


2-75 


7 


Change "schedules" to "scheduled." 


34 


Text table. Encoded Data column 


Delete "Z" from "0204Z" and "0249Z." 


3& 


3 


4 


Change "award" to "aware." 


• '36 


3 


17 


Change "satelliet" to Satellite." 


36 


4-3 




Change "Netwock" to "Network.? 


37 


4-5 


11,15 

t ^ 


Delete remainder of sentence beginning with Tinker 
^Weather, etc." Replace with "Carswell Automatic 
Digital Weather Switch (ADWS), Automated 
Weather Network (KWAN) located at Carswell 
AFB, Texas." 


37 


4-6 




Delete and replace with new ^paragraph 4-6. 



, "4-6., The COMET system establishes a method 
of collecting and disseminating weather data for 
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. CLASSIFICATION OF ECHOES 
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CWARACTEi^ CONTRACTION DEFINITION 


Cell 


CBUi ' 

) 


I single convective echo that for reaaona for spatial* isolation 
or character individua2j.iy cannot be grcruped with other echoes. 




1 


Related or sinilaraechoro that can be re«cdily associated geograph- 
ically for reporting purposes. Echoes caist cover at least S per- 
cent of the total area of the syStea being reportedt and in the 
case of a cod!^ective' area core than three cells are required to 
nake an area« 


LinA 

/' 

I - ■ " 




Related or sinilar echoes that fors into a pattern exhi^ting a 
length to width ratio of at least, five to one and a length of at 
least 30 nautical" ailes. At least 30 percent of the total area 
of the systen being reporte*d isust be covered by weather echoes. 
If the line pattern forns within an existing echo systen it should 
persist for at least 15 nimites or should be at least 60 percent 
covered by weather echoes before being identified as a line. 


Stratified Elerated Echo 


LYR 


Precipitation aloft. In this case the hei^t'of both the top 
and base of the echc^^ll be reported. ^ 


7^ r 

spiral Band Area 


SPRl SAIID AREi 


Echoes associated with tropical storas, hurricanes, or typhoons 
and systeaatically arranged in curved lines. M.s grouping oay 
include a wall cloud. . 


Fine Line - 

^ 




Harrow nonprecipitation echo pattern associated with a meteor^ 
ological discontinuity such as the cold air outflow in advance 
of a s(iuall line or the leading edge of a sea breeze. 



TABLE 19 
INTENSITY RELATIONSHIP 



Symbol 


Estimated 
\ Precijpitation 


Echo . 
Intensity ^ 


Theoretical 
' rainfall rate 
in*/hr** 




li^t 


wesflc 


< 0*1 




moderate 


moderate 


0.1-0.5 


+ 


heavy 


strong 


O.^-l.O 


++ 


very 'heavy 


very strong 


1.0-2.0 


- • X 


intense 


intense 




XX 


extreme 


extreme 


>5-o 



r 1 6 

*Based oh the relationship Z = 200R * 
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Paragraph 



Lmefs) 



Correction 



37 
37 
39 

40 

44 



45 

48 
48 
48 
49 

49 

49 
49 
SO 
SO 

51 
52 
52 
53 



4-7 

i 4-9 

4-11 

4-21 

I 

4-33 

• 6-11 



6-12 

6-31 
6-32 
6-37 
6-41 

6-42 

6-42 
6-44 

6- 47 
^8 

7- 8 
7-10 
7-13 
7-18 



2,3, 7, 
11, 12 

6, 8 

8 



'5,9, 

14 

9 

9 

5, 6, 7, 8 
8 

10 

2, 7, 10, 15 

1.9 

2 

9 ♦ 

12 
6^ 
10 



military weather reporting stations. A computer is 
the key to the operaton of COMET 1 and II circuits. 
The computer located at Carswell AFB, Texas, 
controls- the switching and control function of 
COMET I and COMET II circuits. To better 
understand how the computer ^ects the military 
communications system, let's examine the 
operation of Comet I first." 

Delete "A DC AD programmer" and insert 
"computer." — 

Delete "programmer" and insert "computer." 

Change "(KAWN^ to "(AWN)." 

Add to display dot items: 

"• MWTCS, Kansas City; Kansas." 

Delete fourth display dot &nd entire line beginning 
"Charleston. . ." 

Delete enfirc paragraph exrcpf for italic headi:^ 
and insert: ^ 

"Volume 2 is%e master manual describing the • 
" meteorological message content (teletype and 
facsimile)' of all bulletins originated by AWS 
activities. The volume is divided int&four parts, as^ 
described below: 

Part I— General teletype messages. 

Part II— CONUS facsimile products. 

Part IIIr-Europcan facsimile products. 

Part iV— Pacific facsimile products." 

Delete comma affer "alphabetically." Insert "in." 
Put a period after "Volume If." DdeteTmes 6 thru 8'. 
Delete "11" at beginning of line 9. 

Change "theregy" to "thereby." 

Change "rochetsonde" to "rocketsonde." 

Change "FLATF" to "PLATF." • 

Delete entire sentence beginning with "When the 
COMET " 

Between the words "local AT&T," insert "AFCS 
/ TCF. The TCF then notifies thtf local. . .\," 

Delete "KWRF" and insert "KAWN." 

Deletr"KWRF"^nd insert "KAWN." 

Delete "KWRF" and insert "KAWN." 

Delete "KWAF: and insert "KAWN." 

"Change "he" to "The." 

Change "waster" to "wasted.'' 

Change "and Xhe give" to "and. then give." 

Change "satisy" to "satisfy." 
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P ref a.ce 



THIS VOLUME contains informatiop/tTBr^aden^our knowledge of weather 
• p ottmg and communications. The'^centraiized concept of operation has 

HLT"soeeV '° f'''' °" ' "^^"'^^ ^^'^ ^' detac'hmeit ieve 

High-speed computers and data-handling machines have improved the 
t.meimcss and quai.ty of weather charts. However, machines are not immune to 
maifunct.on.ng. A prolonged facsimile outage could cause an increasTr ocal 
chart preparation. In your job as a weather observer, you must be able to 
decpher the weather codes and plot the required weather chart,. This vo un^e 
also.covers the communications function at the detachment level and exploTe! 
le^h?;- da7~'°" electronic^data processing provided at 

Chapter 1 is devoted to weather codes and how they are^deciphered. Through 
the use of hypothetical situationsT this chapter explains how you can determine 
the avatlab.l.ty of the various weather reports for specified geographicalTeas 
Th.s d.scuss>on leads to the practical application o?th.s knowledge rap Z: 
tmg. The discussion of map plotting illustrates the variations in the plotting 

Tathir H ' '^"^ "^''"'"^ """'y^'^ chapter presents eacf 

weather code m us common plotting form and uS»ge. Section 2 of Chaptec-i>K 
devmed to upper air codes. This discussiop acquaints you with tl,e problems 

thes is o'llr ' "'"""'^ '''^ "PP^^ «■ Em- 

^phasis IS placed upon plotting requirements; however, special plotting 

^requiremjits and charts sfc also discussed. Section 2 also discos the three 

types of^rcraft codes-RECCO. COMBAR and AIREP-that¥e plotted on 

phaMS placed on the plotting models most frequently used at a map^ plotting ac- 

Chapter 2 Weather Communications and Editing, contains a comprehensive 
discussion of the communications tasks involved in the Jong-line dissemination 
of wither data. This chapter also^ives you an insight intolhe operation of the 
various weather networks and weather relay centers. Chapter 3. Electronic 
Data Processing, covins a basic discussion of the operations in electronically 
p ocessing and evaluating of weather data. It also gi^ves the fundamental'steps in 
programming and operating electronic data processing machines for a weather 
program. The chapter concludes with" a discussion of tape maintenance and 
management. It also describes supervision and quality control 

Foldouts 1 through- 9 are included .n the supplement to ' this volume 
Whenever you are referred to one of^hese foldouts in the text, please turn to ■ 
Ihe supplement and locate the foldout. 

Code numbers appearing on figures are for' identification by the preparing 
agency only. •' *^ 

If you have questions on the accuracy or currency of the subject matter of this 

l-^nA'^r^ IT' improvement, send them to Tech Tng Cen 

(TTOC), Chanute AFB ML 61868. 

If >ou have questions on course enrollment or administration, or on any of 
ECIs instructional aids (Your Key to Career Development, Study Reference 



Guides. Chapter Reviev. Exercises, Volume Review Exercise, and Course 
Examination), consult your education officer, training officer, or NCO, as ap- 
propriate, if hei^n't answer your questions, send them to ECI, Gunter AFB AL 
361 18r preferably ECl Form. 17, Student Reguest for Assistance. 
This volume \% j/&iued at 27 hour's (9. points). 

Material in this voluttie is technically accurate, adequate, and current as of 
December 1971. 

/ 
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V C H A-P T E R 1 



Plotting Weather Charts 



MOST WEATHER stations are involved to 
some degree in the decoding and plotting of 
weather codes. Naturalfy, if you^afe assigned to 
a weather central, you plot a greater variety of 
weather charts than the weather observer at a 
small detachment. No matter where your 
assignment may take you, an important part of 
your duties involves plotting weather charts 
and diagrams. You afe ejto^cted to produce' 
plotted charts that representihe various aspects . 
of weaiher to the forecaster. His success in - 
providing high-quality forecast service depends 
upon your speed, skill, accuracy, and initiative. 
These same qualities determine your success 
and progression in AWS. A thorough 
knowledge of, the weather codes and. 
proficiency^ in plotting them insures the 
forecaster's success as well as your own, 

2. The codes discussed in this section are 
those that you most frequently encounter as an 
oblservcr. The objective of this discussion is not - 
to emphasize encoding or decoding of in- 
dividual elements, but rather to illustrate what 
these codes represent in terms of their con- 
tribution to mission effectiveness. The symbolic 
forms and coding procedures for most of thes£ 
meterological codes were presented quite 
thoroughly in the ABR25231 (resident) course. 
Your ability to encode, decode, and plot the 
data depends primarily upon the amount of 
practical experience you have in using any 
given code. 

3. This chapter covers the surface weather 
codes used within the U-S. and internationaljy. 
It presents each code form in enough detan to 
refresh your memory of map plotting rules and 
policies. This chapter also includes the data 
normally plotted on a local area surface chart. 
Also, emphasises placed on pjotting severe 
weather advisoncs, radar reports, and pilot 
reports. 

4^' Althougli there are very few stations where 
you can bp assigned that encode synoptic 
reports, there are many assignments that may 
require their plotting. However^ to thoroughly 



leart^the code, y^u should understand the en- 
coding instructions. TherH'ore' this discussion 
deals with how synoptic reports are encoded. 

1. Surface Chart«> 

necessary in any com- 
forecasting program. 
The surface chart shows variations in weather 
conditions at the earth's surface. The forecaster 
is confronted with many more variables when 
making a surface analysis than when making an 
upper 'air analysis. Geographical influences, 
unequal surface heating, and^unequal moisture 
distribution are only a few of the problems a 
forecaster must consider. The analysis of the 
weather dafa^depicted on surface charts is basic 
to any forecasting service and is not limited to 
strictly professiorfal agencies tuch as the Air . 
Weather Service and the U.S. weather Bureau. 
Broajdtasters on television and'^rddio also use 
the surface weather chart (weather map) to 
present weather conditions and forecasts to 
their viewers. 

l-'2. Surface chartS|^are plotted on various 
map-scale sizes. Some charts cover the entire 
Northern He^nisphere (small-scale* large 
geographical area). Some cover only North 
America. Others cover a larger map-scale size 
(smaller geographical area) such as the local 
are surface chart (LASC) or local area work 
chart (LAWC). Because of the smaller scale of 
the larger area Jhart, fewer reports can be plot- 
ted for a given area. For. instance* two or three 
station plots could easily cover the entire 
southern portion of Japan, whereas an LASC or 
LAWC o^^Japan would permit plotting many 
more stations over the same area, Therefore, it 
is important to plot the reports accurately on 
these snialler scale charts. Later this section 
discussed local area charts as a form of surface 
chart, but first let's discuss land synoptic codes. 

1-3. Land Synoptic Code. The most 
detailed description ot the various synoptic 
codes and the coding of the indivfdual elements 
is contained in the Federal Meteorolof^ual 
Handbook A^c;. 2 (FMH2). 
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Figure I. 



1-4. First you should understand the groups 
of synoptic code that are the same everywhere 
and the groups that have regional differencoi. 
FigiA \ shows the six World Meteorological 
Qrgl^ization (WMO) regions which have 
regional differences in the code. You must be 
aware of these differences iPl order to decode 
correctly^the synoptic code. 

1-5. Mandatory Groups. Turn to foldout 1 
(this fpWout. along with others, is shown in the ' 
supplapent' to this volume), plotting guide 
synoptic code, and you can follow the symbolic 
form at the top of the page as we discuss^ach 
element. The first six groups are mandatory for 
all regions. After the first six. the groups may or 
may not be oicoded depending on regional 
requirements. The groups which have the sym- 
bolic letter "j** have the most regi&nal 
variations. Therefore, you should pay par- 
ticular attentipn .to them in the individual 
discussion of each group. ^ 

1-6. Index number (iiiU}.^2ich synoptic 
reporting station reports the block number (11) 
followed by the station number (iii). For exam- 
ple, the block number ••72 * is assigned to the 
U.S. and the station number for Green Bay. 
Wisconsin, is 64,'>. Therefore. thc4ndex number 
for Green Bay. Wisconsin, in syn|i)ptic code is 
-72645/* Immediately foUowingv^thc index 
rtumber is the sky cover and wind group. 



1-7. Sky spver and wind group (Nddff). The 
' first digit of this group (N)Js the fractional part 
of the sky (celestial dome) in eighths that is 
covered by clouds. Table 1 shows the relation- 
ship between the code figure:;(N) and the frac- 
tion covered in tenths converted to oktas 
(eighths). * ■ . - 

1-8. The wind direction (dd) is the direcftpn 
ixdm which the wiftd is blowing and is reported 
with respect to true north and to the nearest 
10^ If the winds are calm. "00" is reported, 
and if they are missing or unobtainable. 7/" is 
reported. At Jhis point it seems worthwhile to 
mention that a solidus (/) is reported for 
missing or unobtainable data in synoptic code. 
This is true for all groups. 

1-9. The windspeed (fO is usually reported 
in- knots. Windspeeds from 0-99 knots are 
reported without a conv<^rsion. For example, a 
windspeed of 99 knots is encoded •99." When 
windspeeds exceed 99 knots. ' ^O" is added to 
thc#wind direction and 100 subtracted from the 
windspeed. For example, a wind from 140° 
(remember, you use only the first two digits, 
hence. VA) at 147 knots is encoded •*6447."* 
When interpreting synoptic reports, remember 
that some places in the world use meters per 
second (mps) rather than knots for windspeed. 
In this case, use a conversion table such as table 
2 to convert windspeed from mps to. knots. 



TABLE 1 
SKY, COVER AMOUNTS 

Symbol N » Fractio^of the Celestial Done 

Covered by Cloud 
Symbol R « Fraction of the Cele^ial Dome 

Covered by All the C^ (or C ) 

Cloud present ^ ^ 

Symbol N » Fraction of the Celestial Doaae 
^ Covered by an Individual Cloud 

Layer or Hass * 



Code Fraction Covered 

Figure in Tenths 



Fraction Covered 
in Oktas 



0 
1 

2 
3 
h 
5 
6 
7 
8 
-9 



Zero - • • 
1 or less 



but not zejro' 



.2and^ 

h 3 

5 h 

5 

7and8 6 

9 or mv^ but not '10- 7 

10 ^- 

Celestial dofoe obscured', or cloud amount can 
not be estiinated« 



Zero 

1 Okta at less but 
zero 
2 



not 



or^more, but not 8' 
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J 1-10. visibility and weather ( V Vww W). The 
visibility (VV) is a coded value that readily 
converts to kilometers. It can also be converted 
to statute miles or yards. Land stations use the 
coded* values "6)0" to "89," whereas ship 
stations usually use^code values 90^99. Con- 
sequently, you 'should be familiar wUh the 
geographical area you are assigned to and the 
code/each country uses. 

1-11. The present weather (ww) is reported 
as a two-digit code figure. This code figure 
represents the weather occurring at the time of 
observation except under certain circumstances 
when it may represent the weather during the 
hour preceding the time of observation. The 
word description witB each code figure in 
foldout 2 explains these instances. Foldout i 
also shows the weather type for each code 
figure and the appropriate plotting symbol. 
Sonue important points to remember about 
coding "ww" are as follows: 

• If more than one weather code type oc- 
curs, the highest code number has priority ex- 
cept that co4c number 17 has preference over 
numbers 20 through 49. 

• The word "HAIL" is added to the end of 
the message when Mil accompanies a shower or 
thunderstorm. 

• Code figures, 00 through 03 are 
specifications that describe the general state of 
the sky during the hour preceding the time of 
observation. 

• Code figure 19 is reported for a funnel 
cloud, tornado, or waterspout. However, 



should one of the latter two occur, add *TOR- 
NADO'* or "WATER'SPOUT," as appropriate, 
to the end of the report. 

1-1 2.- The past I weatfier (W) represents the 
general character of weather during the past 6 
hours, unless, the^observation time occurs at 
0300, 0900, 1500, or 2100 hours GMT. At 
the^e times, it represents the general weather 
character for the past 3 hours. When two or 
more valines for '*W" are appropriare, then the 
weather type having the highest code figure is 
usually reported. When code figure 3 is repor- 
ted to indicate a sandstorm and the temperature 
is below freezing, the word "SANDSTORMS is 

* added to the end of the message. This sho\vs^^ 
that the code figure for past weather was not 
blowing snow. When code figure 8 or 9 i^ used 
and hail occurred with the shower or thun- 
derstorm* the words "PAST HAIL" are added 

.to the end^of the message. When .code figure 
"8" is reported to indicate showiers of snow, 
rain and snow mixed, snow pellets or ice pellets 
with the temperature above the freezing point, 
the plain language words "SNOW," ''RAIN 
AND SNOW MIXED," "SNOW PELLETS," or 
"ICE PELLETS," as appropriate is added to 
the end of th^message. 

1-13. Pressure and temperature (PPPTT). 
The sea level pressure (EPP) is encoded to the 
nearest tenth of a millibar. Vox example, sea 
level pressure of 1029.9 mb is encoded as 
"299" and a pressure of 989.3 mb as "893." 
The, temperature (TT) is encoded to the nearest 
whole degrets Celsius and is coded directly 
when the temperature is 0® Celsius, or warmer. 
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• TABLE 2v - 
CONVERSION FROM METERS PER SECOND TO KNOTS 



•Hps' 



T 



0 
10 
20 
30 
IiO 

50 
60 
70 
80 
90 
100 



19.1a 
38.9 
58.3 
77.7 
97.1 
116.6 
136.0 

155. U 

17U.8 
19U.3 



Knots 
1.9 
21. h 
' liO.8 
60.2 
79.6 
" 99.1 

ai8.5 
137.9 
157.3 
176.8 



Knots 
3.9^ 
23.3 
•U2.7 
72.2 
81.6 
101.0 
120.U 
139.9 
159. 3v 
178.7^ 



Knots 
5.8 
25.3 
lilt.7 
6U.1 
83.5 
103.0 
122. U/ 

iia.8( 

161.2 
180. 7 



Kno^s 
7.8 
27.2 
U6.6- 
66.0 
85.5 
10U\$> 
.i2U.3 
lli3.7 
163.2 
182.6 



Wlten the temperature is below 0'' Celsius; "50'' 
is adaed to the temperatures Thus 60 would 
represent - 10® Celsius. In the rare case of tem- , 
peratures -50® Celsius or co^lder, "00" 
represents -50^ **01" -51®, and so forth. If 
you^understand the coding^ instructions of the 
next group, the cloud cod^e group, and its 
relationship to the sky cover value'(N), it will 
help you in pitting the correct values. 

1-14. Cloud group (NhCihCMCHh The 
data' plotted from this group is of particular in- 
terest to the forecaster because it contains in- 
formation on cloud types and height. In con- 
trast to cod^s such as airways and METAR. 
which can easily be encoded or decoded, 
synoptic cloud ^ata requires extensive code 
knowledge if yoXi are to properly understand 
the actual cloud conditions being reported. 
Let's see why. J . 

1-15. The firsl digit of the cloud group (Nh) 
represents the total amount of all low clouds. If 
low clouds are not present, this digit represents 
the total amount of all middle clouds. If neither 
low nor middle clouds are present, '*0" is 
reported. Use table 1 ta obtain the correct 

' . TABLE 3 
CLOUD HEIGHT CONVERSION 



Synbol H * Htight abow Ground of tht Bast of th« 

Clovd 



Cod* 

Tiirire 



Ktighe in F««t 



Height In Mcttrs 



0 

7 , 

3 

h 

5 

6 

7 

8 

9 



0- lli9 

150- 299 ' 

300- ^99 

600- 999 
1,000-1,999 
2,00O-3,!i99 
3,500-ii, 999 
$,000-6,U99 
'6,500-7,999 
8,000 or higher, or no 
cXouds. 



0- li9 
50- 59 
100- 199 
. 200- 299 
. 300- <99 
600- 999 
1,QOO-I,h99 
1,500-1,999 
2,0OO»2,h99 

2,500 or hlihtr, or no 
cioi:d3« 





Knots 
11.7 


29.1 


31.1 


li8.6 


50.5^ 


68.0 


69.9 


87.1i 


89 .li 


106.8 


108.8 


126.3 


128.2 


lli5.7 


lli7.6 


465.1 


167.1 


I81i.5 


186.5 



Knots 
13.6 
33.0 

71.9 
91.3 
110.7 
130.1 
Hi?. 6 
169.0 
188. U 



Knots 

73.8 
93.2 
112.7 
132 a 
151.5 
170.9 
190. li 



Knots 

m 

"56.3 
75.8 
95.2 
llU.6 
13li-0 
153.5 
172.9 
192.3 



coded value. An important fact to recall is that 
the valu4? reported for "Nh" may equal, bi/t can 
NEVER exceed the value reported for "N." 

1-16. The cloud types Cl. Cm^ and Ch are 
reported in accordance with the international 
cloud cldssification system. Therefore, to un- 
derstand the coding of these cloud types, review 
the discussion of international cloud types in 
Volume 2 of this course. 

1-17. The cloud height value (h) of the cloud 
group often is misunderstood. The value en- 
coded for *'h" is the height of the lowest cloud 
in the sky if low or middle clouds are present. 
Although this cod6d height represents the 
lowest cloud in the sky, it may or may not be 
the height of the low cloud type reported, 
depending on the cloUd type significance. When 
high clouds only are present, "h" rs repor-ted as 
"9." When the sky is completely obscured, a 
SgfiHbs (/) is reported for '*h." Table 3 shows 

'the height range for each coded value of *'h." 
1-18. Dewpoint and pressure tendency 
{TdTdapph The dewpoint temperature (T(jT(j) 
is reported in the same manner as temperature 
(TT). Although the international symbolic form 
for the pressure tendency group OaJpip) 
ferent, the data coded is the same as in Region 
IV (app), as shown in foldout 1. Volume 2 
discussed the coding of the "app'' group. 
Remember that an additional group "99ppp" is 

' reported when the pressure tendency equals or 
exceeds 9.9 millibars. In some areas the stan- 
dard "app'' group is not reported; a different 
group is reported in its place. ^ 

1-19. In the southern part of WMO Region 
IV, reporting stations in the Caribbean, Central 
America, Mexico, and the Bahan as replace the 
standar^l "app" group with a "9P24P24" grouP; 
The "9" indicator identifies'this group. The "9 
is followed by the pressure change for the last 
24 hours, rather than the last 3 hours. This 

' 311 



pressure change (^24^24^ is reported as a 
coded value, as shown in table 4. 

TABLE 4 

AMOUNT OF 24.HOUR PRESSURE CHANGE 



Sjfnbol fZltnii ' iwwit of rrtssvrt Chacf* «t tht st4tloa Uvtl OutIjji' 
ft$tr 2h lours 



Codt 


AMunt of Prtssun Chin^v 


00 


No chAntvi prtsnrv s«.n« is 2L hours tfo 




CI 


?rtssiir« ^as ris«n O.l nb 




02 


' 0.2 nb 




03 


' 0.> na , 




Oil 


' O.ii r.b 




05 


" • 0.5 nb 




06 


" 0.6 nb 




07 


" 0.7 s»b 




06 


- 0.5 nb 




09 


" 0.9 nb 




io 


' 1.0 -fc 




11 


' 1.1 nb 




12 


* - 1.2 nb 




•tc. 


•te. 




3fl 


• 3.8 «b 




39 


• 3.9 nb 




LO 


■* U. «b 




!tl 


" 3 nb 




L2 


- 6 *b 




J*3 


- 7 nb 




li^ 


• a «b 




i*5 


"< " 9 ab 


't 


16 * 


"10 nb , 




li7 


- " 11 nb 


4 


liS 


" i: nb 






• 13 nb 




5? 








Pr*ssurt h^a fAllcn 0.1 nb 




52 


0.2 rb ' 




53 


- " -.3 ftb 
^.l rb 




?i* 




cz 


0.$ nb X 




<6 


0.£ nb -f 




<7 


" " 0.7 nb I 




s« 


" 0.3 nb . \ 




59 


0.9 nb 




60 


" - 1.0 nb 




61 


" 1.1 nb > 




62 


' * 1.2 nb 




rcc. 


•tc. 




88 


" 3.8 nb 




85 


3.9 nb 




90 


I Kb * 




n 


5 ab 




9? 


6 nb • 




53 


: ' I 




9ti 






5C 


" - 9 rb 






" i 









1-20.. Suppicmcnial Groups. The remaining 
nine groups vary by regional requirements and 
station capabilities. They basically supplement 
or add to the information in the prc^fious six 
mandatory groups. In most cases they are 
adequately^ covered in your focal plotting^ 
procedures.' We'll now take a brief look at each 
group. 

1-21. The station pressure (6P0P0P0P0) is a 
relatively new group; it reports the station 
pressure to the nearest tenth of a millibar. 
Staiton pressures of 999.9 mb or less are coded 
direct.^ For example, 987.5 mb is reported 
"69875." When the pressure is 1000.0 mb or 
more, the code figure *'3" is#l"eported for the 
hundreds digit. For example. 1025.7 rtib is 
coded *"63257." The next group of the synoptic 
' code (precipitation) has a few regional 
variations. These variations occur primarily 
because of a different unit of measure and dif- 
ferent requirements for reporting precipitation. , 
1-22. The precipitation group (7RRRtS) or 
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(7RRDLDMj is used in most areas" of the 
wqrld. The total amount, of precipitation is 
reported for the last 6 hours (RR) in either 
hundredths of an inch or in millimetews. WMO 
• Region IV reports precipitation in hundreds of 
inches. If the total precipitation is less than 1 
inch {he value is reported directly, just as the 
'* RR" value in airways code i^ reported. When 
the precipitation equals or exceeds 1 inch, the 
whole number of inch^s~i5 reportethin plain 
language after the *'7" group and the fractional 
part of an inch is reported as the "RR(" value. 
For example, 2.37 inches of precipit^ion is 
reported as **737RiS TWO,l„ 

1 -23. If *'Rt" is reporred. it is a codpd value 
which indicates.the time the precipitation began 
or ended. Tible 5 shows the time represented 
by each code value. When precipitation is oc- 
c'urrin^'2ii the lime of observation, or has ended 
during the hour preceding obsiervation, the time 
the precipitation began is reported. When 
precipitation is not occurring at observation 
time, and has not occurred in the hour 
* preceding th'e o.bservation, the time the 
precipitation ended is reported. When two or 
more periods of precipitation occur during the 
6-hour period, the time (beginning or endin 
as appropriate), of the last peri9d 
precipitation is reported. 

1 -24. The depth of snow (5) is reported m in- 
ches (up to 8 iiiches) of'smow on the ground at 
the observation time. When ^9" is reported, it 
indicates a trace of snow or ice is on the 
/ ground.. When more than 8 inches of snow is 
present, *'s" is still rep6rted as "8"; however, 
the actual snow depth is reported in the special 
phenomena group which is discussed later in • 
this section. 

1-25. In Region V (Hawaii and the Pacific) 
the directions from which the low (Dl) and 
middle clouds (Djvi) are moving arc reported in 
. place of' the 'RtS" data that is reported in 
Region IV. Cloud kiovemcnt is especially 
significant in Region V where there is a scarcity 
of jweather reports. For other regions of the 
world, it is important for you to determine the 
data that is reported in place of * RtS" or 

1-26. The cloud layer group (8NsChshs) is 
only 'reported by designated stations in Regions 
iV and V. When it is reported, it contains the 
following: 

• The lowest cloud layer of any amount. 

• Jhe next highest layer that by itself covers 
0.4 or mo^e of the celestial dome. 

• The next higher layer of clouds that by it- 
self covers 0.6 or more of the celestial dome. 

• Any layer of cumulonimbus clouds. 

\ ■ 



TABLE 5 V 
TIME PRECIPITATION BEGAN OR Eh^pfi© 



Code 
Fi 
ure 




0 
1 
2 
3 
i* 
S 



Time Be^^ 
' Ended 



or 



No precipitation. 
Less than 1 hr. ago 
1 to 2 hours ago. 
' 2 to 3 hours ago'. 
3 to U hours ago,. » 
U to 5 hours ago. 



Coc^ 
Fig- 
ure 



6 

7' 

8 



Time Began -or 
Ended 



5 to 6 hours ago. 

6 tb 12 hours ago. 
More than 12 

hours ago. 
Unknown. 



1 -27. Following the indicator number **8*' of 
the group, the layer amount (Ns) is reported. 
Table 1 shows the sky cover amount code 
figures for *'Ns.** It is reported in the same way 
as layer amounts for total sky cover (Nddff). If 
an obscuration is present, "Ns" is coded "9." 
The cloud type (C) is reportcd|as one of the ten 
basic international cloud typK>. as shown in 
table 6. The last two digits (hsKs) represent the 
height of the layer. For heights of 5000 feet or 
below, the heights are coded directly in hun- 
dreds of feet. Above 5000 feet, cloud heights 
are coded for 1000-foot increments; "56" 
represents 6P00 feet, "57," 7000 feet, and so 
on, up to 30,000 feet. Above 30,000 feet, cloud 
heights ar€ reported for 5000-foot increments; 
*-8r* for 35,000 feet, "82" for 40,000 feet, etc. 

J -28. .Special phenomena group'CQSpSpSpSp) 
is used by synoptic reporting stations to report 
what the. name implies — special phenomena. 
You only need to know that more than one of 

^ TABLE 6 

BASIC CLOUD TYPE 



Code 
Fig- 
ure 



0 
1 
2 
3 
U 

6 
7 
8 
9 
/ 



Type of Cloud 



Cirrus 

ClrrociBTOlus 
Clrroatrafua 

AltOCUDtUlttS 

Altostratus 
Nimbostratua 
StratocuDiulus 
Stratus 

Cumulus 
Cunuloniinbus 



Ci 
CE 
Cs 
Ac 
As 
Ns 
Sc 
St 
Cu 
Cb 



I 



Cloud not visible owing to d«rkness> fog^ 
dust8tom> sandstoniii or other analogous 
phenomena* 



these groups may be reported at a time. 
Decoding these group^'s requires Federal 
Meteorological Handbook No/ 2, Synoptic 
Code. A general rule to remember about (hese 
groups is that they are used when phenomena is 
observed that cannot be reported in other por-* 
tions of the code. ? 

1-29. Internationally, the next group is the 
"Ijjjj" group. This group is not used in the UrS. 
and Pacific area, however, and its coding is 
deternTined by regional agreements in other 
areas. Since it is not used in thie U.S. or the 
Pacific areas, we'll proceed to examine the next 
group that is used in Region IV. 

1-30. The 24-hour precipitation group (2jjjj 
or 2R24R24R24R24) represents the total 
precipitation (liquid equivalent) measured in 
the 24 hours before ohe observation time. 
Amounts of less than 0.01 inch are not repor- 
ted. Precipitation is coded directly in tens, 
units, tenths, and hundredths of if^es. When 
precipitation occurs during the preceding 24 
hours 'but the amount cannot be accurately 
determined, "2////" is reported. Again, outside 
Region IV this group may be codeddifferently. 

1-31. The wave groups (3PwPwHwHw) 
(dwdwPwHwHw) when reported, are reported 
in the same way in all regions of the world. The 
**3" indicator is followed by the perio^J of the 
sea waves (PwPw)- This is determined by time 
lapse between two successive crests as they pass 
a fitted point. It is reported in seconds. When 
J^e sea is calm, "00*' is reported. When the 
period cannot be estimated because of a con- 
fused §ea, "99*' is reported. 

I -32. The period of{^eja waves^s followed'by 
the height of the v^es (HwHw). The height is 
cdded in I l/2-fo(^increments; therefore, the 
actual wave Ijeight can be obtained by 
multiplying the*codc value by I 1/2 feet. For 
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exemple, codt-figuiy QY^ » l'. f/2"feet; code 
figure 02 « i X I 1/2 - '3 feet, etc. Again, 

• 'W indicates a calftt sea. . 

• 1-33. When only wind waves are being 
reported,, the •'dwdwPwHwHw'' group is not in- 

^ eluded in the report. This additional grou'p 
(dwdwPwHwHw) refers to swell waves rather^ 
than wind waves and must always be preceded 
by the "3" indicator group. If there are no wind 
waves, the swell wave report must be preceded 
by the* group "30000." 

1-34. The true direction (dwdw) rr9m which- 
the swell waves come is reported in tens of 
degrees. When the sea is in a confused state, the 
dkection is reported as •'9-9.'' The periqd (Pw) 
of the swell waves is reported as a code figure 
rather than seconds like the period of wind 
waves. Table 7 shows the time period that each 
code figure represents. The last two digits of the 
swell wave group (HwHw) are reported the<-- 
^same as for the wind wave group. 

1-35. The extreme temperature group (4jjyj 
or 4TxTxTnTn) ipdicalor group varies from 
one region of the wqrld to another. In the U.S. 
the' maximum (TxTjc' and minimum (Tntn)' 
temperature is reporte<H-ln whole degrees' 
Fahrenheit. 

• At 1800 and 0000 GMT, the maximum 
temperature for the previous 12 hours is 
reported. 

• At 0600 GMT, the maximum tempera- 
ture for the previous 24 hours is reported. 

At 1200 GMT, the maximum temperature 
•for th^ previous calendar day (midnight to mid- 
night local standard time) is reported.' 



... ^> 
for the previous. IZ^ours ^s reported. 

J • At 0000 GMTytheminirrtum temperature 
^ for the previous 18* hours is refJorted. 

1-37, Within Region IV, the "4"* indicator 
group is the last coded group that is reported. 
However, there are plain language remarks. 
Regardless of the number of groups or remarks 
in a synoptic code report, the last element is the 
message separation signal (0). In other WMO 
regions, two more groups may be added to the 
report. 

1-38. The Sjjjj group is included in some 
overseas areas. Decoding of this group requires 
you to research the appropriate publications. 
The "eashhh" group is used only by high 
altitude stations outside Region IV. Basically, 
the "6"1ndicator |roup reports the height of an 
agreed standard isobaric surface. A code value 
for "aa'^of 0« 1000 mb, I - 850 mb, and 2 
- ^ the 700-mb surface. The altitude of the 
isobaric surface is reported in meters (hun- 
dreds, tens, and units). The next code, ship 
synoptic code, requires much closer scrutiny 
because of the' way the groups vary with each 
report that is transmitted. 

1-39. Ship Synoptic Code. The-ship synop- 
tic code differs from the land syrfoptic code 
only because of different requirements for 
taking and reporting weather observations from\ 
a ship. The ship synoptic code repeats many of 
the basic groups covered by the land code; 
therefore, you need only to studj^ the groups 
peculiar to the ship synoptic code. Turn to 
fpldout 3 and follow along the code as we 
dispuss it in the text. 

1-40. Location) and time 

(99LaLaLa QcLoLqLoLo YYGGiy^). 
FoHowing the identifier *'SHIP/' or the actual 
name of the ship, is the •'99" indicator for ship 
synoptic code and the latitude (LaLgLa). The 
latitude is reported in tenths of a degree and is 
used with the next group to specify the ship's 
position. The first digit (Qc) of the longitude 
group identifies the quarter of the globe where 
the ship is located. The quarters are divided as 
follows: 4 



the 



1-36. The guidelines for ".reporting 
minimum temperatures are as follows: 

• At 0600 and" 1800 GMT, the minimum 
temperature for the previous 24/ hours' is 
reported. - ■ 

• At 1200 hours, the minimum-temperature 

TABLE 7 ^ 
' PERIOD OF THE SWELL WA>^S 



Code 
Fig- 
ure 



2 

3' 
h 

6 
7 
6 
9 
0 
1 
/ 



Period 



$ seconds er less 

6 or 7 seconds 

8 or 9 seconds 
10 or 11 seconds 
12 or 13 seconds 
111 ox 15 seconds 
l6 or 17 seconds 
16 or 19 seconds 
20 or 21 seconds 
Over 21 seconds 

Calm, or period not detenfi^ed 



I 

(3 
5 
7 



Latitude 

North 
South 
South 
North 



Lortfiifude 

East 
• East 
West 
West 



The quarter of the blobe digit is followed by the 
longitude (LoLqLoLo) which fs also coded to 
the nearestStenih of a degree. 

1-41. The next group identifies the day of 
,thc month (YY), titne of the observation/ (GG), 
and wirx^ indicator (i^). If you use ship synop- 
tic, study this group closely because it alerts the 
plotter to important conditions. For instk\ice, if 
either "0" or is reported for -iw/' the winds 
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are in meters per second. The tinfie (GG) is used 
to determine whether or not it is an off-time 
ship report, which is a common occurrence. If 
30 is added to the time, a (DsVsopp). group is 
not in the repprt, and, if 60 is added, the **Dsv- 
sapp'* and the "NhCLhCMCH" groups are 
omitted from the report. A typical coded report 
for these first three groups is: SHIP 99181 

71483 13123 This partial report tells you 

the ship is located at 18. T north and 148.3*' 
west. It is the 1 3th day of the month, the report 
is for 1200 GMT, and the last digit (3) denotes 
that the windspeeds are in knots. The next four 
groups are identical to the land synoptic code. 

1-42. Ship movement and pressure tendency 
(DsVs^PP)' "^his is the last mandatory group of 
the ship synoptic code. As stated earlier, it 
should be absent from the report only when 30 
or 60 is added to the time. The '^Ds" is the 
ship's course and the vg >s for the ship's average 
speed, both for the preceSfmg 3 hours. Table 8 
shows the directions the code digits reported 
for represent. When you suspect that the 
ship's position is wrong, you can us^ the next 
digit (vg) to determine the rate the ship has 
moved from one position to another. Table 9 
shows the speed represented by each coded 
value. This value is also determined over the 
preceding 3 hours. The pressure tendency -data 
is the same as land synoptic code data. 

1-43. Temperature' of the sea and dewpoint 
^(OTsTsTdTd^ ITwTwTwtn The "TsTs" digits 
represent the difference between the air tem- 
perature (TT) and the sea temperature in half- 
degrees Celsius. When the sea temperature is 
witrmer than the air temperature, 50 is added to 
'TsTs.'\For example, when 'TgTs" is "58," it 
indicates the sea temperature is 8 half-degrees 
or 4'' Celsius warmer than the air temperature. 
The last two digits (TdTd)jof the *'0'* indicafcr 
group are the dewpoint temperature. 

TABLE 8 
SHIFS COURSE (Dj) 



Code 






Code 




Fig- 


Direction 






Direction 


ure 






• ure 




0 


0 

Stationary. 




5 


Southwest • 


1 


Northeast • 




6 


West. 


2 


East. 




7 . 


Northwest • 


3 


Southeast • 




8 


North. 


k 


South* 




9 


Unknown* 



Latitude Longitude 
1 North East 
3 South Eaa* 
5 South West 
7 North West 



TABLE 9 
SHIFS AVERAGE SPEED (Vj) 



Codt 




KUooeters P<r Hour 


Pigurt 


Per Hour 




0 


0 raAr 


0 ta/hr 


1 


6-10 rsAiT 


1— IQ Is/hr 




6-10 rn/hr 


11-19 fca/hr 


3 


11-15 rwAr 


20-28 Ja/hr 




16-20 na/hr 


29-37 taa/hr 


5 


21-25 rsn/hr 


38-17 Ics/hr 


6 


26-30 rryhr 


13-56 ka/hr 


7 


31-35 ra/hr 


57-65 ka/hr 




36-ijO nn/hr 


66-75 lc;/hr 




Over lO TTsAiT 


Orer 75 te/hr 



1-44. The "1" indicator group is a more 
precise measurem'ent of the sea temperature and 
enables you to determine the free air tem- 
perature to a tenth of a degree. /TwTwTw ' 
represents the sea surface temperature in tenths 
of a degree Celsius. When the sea surface tem- 
pera'lure is below 0** Celsius, 500 is added to 
the absolute value of the sea surface tem- 
perature. For example*, —31® C. is —31 tenths 
and would be encoded as* 531. The last digit 
(tj) is the tenth of a degree value for the free 
air temperature (TT). Therefore, when a *' I " in- 
dicator group is included, the value for -TT" is 
-~ not rounded off. Consequently you must add 
"tj" to the temperature. 

1-45. Ice data (21sEsEsRs). This group 
provides information on the amount ojf ice ac- 
cumulation on 'the ship. Table 10 shows the 
code figures (Is) thjax indicate what is causing 
ice to form on the ship. Knowing what causes 
the icing, especially icing caused by 
precipitation, helps the forecaster as well as 
pilots in the area. The ne^ two digits (EsEs) 
pertain to the ice thickness in centimeters. The 
last digit (Rg) pertains to the tendency of the 
icing (whether it is increasing or melting). The 
"c2KDire" group at the efW»«^fthe ship synoptfc 
report is another ice group. Tl?e "C2" gives you 
a description of the kind of ice observed on the 
se^ surface at the shore line. The»**K" describes 
the effect that the ice has* on navigation. The 
* Di*' gives the bearing of th« ice edge from the 
ship, and the **r*' gives the distance. The *"e" 
v^^gives the orientation of the ice edge 16 the^oint 
/of observation. All these values are coded. 
FMH No. 2 contains the conversion tables. Oc- 
casionally, a rteed arises for jjlain language 
remarks in a ship synoptic report. One such 
example is the plain language coding of ice 
phenomena that cannot be coded in the basic 
groups. The next code, airways code, is the 
primary code plotted within the U.S. / 

1-46. Airways Code. After completing 
Volume 2, it should not be necessary to repeat 
the coding instructions here. However; you 
should realize the uses and great importance 
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^ TABLE 10 
ICE ACCRETION ON THE SHIP (Ij) 



Cod* 


*^ • SptciTicatioua 




1 


IplA^ rroa ocean spra/* > 




2 


Xdnc froa fog* 




3 


Icinc troa sproj and fog. 




h . 


Xdng froa rain* 




5 


Icing froa spray and rain* 





this code has in daily weather station 
operations within the U.S. Turn to fuldoui 4 
and you'll note that the airways code provides 
four different" possible plotting moddls. By 
using different plotting models of airways code 
reports/ you caru satisfy most surface chart - 
needs. This is not always the case with synoptic 
code. One of the chief advantages of using the 
airways code is that-remarks of an operational 
and meterological nature are included and the 
reports are received hourly; whereas, synoptic 
reports are received only once every 3 hours. 

1-47. Generally, each weather station plots 
at least one local area surface chart (LASC) a 
day using airwa>s code. If only one chart is 
plotted daily it is usually a complete 3- or 6- 
hourly plotting model, as shown in foidout 4. A 
plotting model, such as shown in foldoui 4, for 
a 3- or 6-hourly plot normally presents no 
problem; unlike chart scales that land synoptic 
data is plotted on, local area surface charts are 
designed so that a complete airways plollm^^ 
model can be plotted for each station without'^ 
' affecting nearby stations. 

1-48. Operation at a weather detachment 
varies greatly from season to season, As 
wfeather syMems advance toward the station, the 
forecaster must alert base operations of im- 
pending weather conditions. This may require a 
special Icrcal area work chart (LAWC) for 
tracking a fa(^moving front, a depiction of 
ceiling layers in the area, a severe weather 
outlook, 'or an analysis of precipitation 
amounts and rate of mot^ement. In any case, the 
added plotting requirement is more effective if 
you know ihef plptting procedures as shown in 
foidout 4. First the forecaster receives tht? 
chaft in less time, thereby increasing its value, 
and, secondly, you have more time to spend on 
other duties that usiially increase when weather 
conditions are* deteriorating. At overseas 
stations, METAR code provides much the same 
weather^^overage that airways code provides in 
the U.S. 

1-49. METAR Codit. Ifyou are an observer at an 
overseas location, you can expect to become very 
familiar with METAR code. At present, the 
weather observer graduates from Course 3ABR- 



25231 receive only limited instruction in METAR 
code. METAR code docs not alter the principles of 
surface weather observatioi^, which are basically 
the same throughout the world; rather, it requires 
different coding instructions. Therefore, if you are 
familiar with the METAR code content, you should 
be able to encode or decode METAR reports. Turn 
to foidout 5 and follow the METAR plotting guide 
as we discuss each coded group, 

1-50. The time group, "GGgg,** is always^ placed 
in the heading of a collective, indicating the times«£^ 
the observations in the c^rilcctive. The time group is 
usu^ly the standard time of the observation( 1500Z, 
1900Z, etc). Reports which differ from the 
collection time by more than 10 minutes mii3t 
contain a separate time ^croup.. The next group, 
"CCCC in a collective/^ usually the station 
identifier. - 

1-51. The mean directioaahd speed ofihe wind 
for the lO-minute.period immediately preceding the 
observation are reported for *kiddff.*' The direction 
of the' wind is reported in tens of degrees; 
consquenlly, the third figure of "ddd** is always 
z^ro. If the maximum windspeed during the 10- 
minute perjod exceeds the reported windspeed by 
more than 5 knots, the maximum speed is reported^ 
for /fmfrn" immediately after **dddff." Otherwise, the 
"/frnf*** element is not- reported. Mean windspeeds 
and maximum windspeeds in excess of 99 knots are 
reported in three digits; for example, "290103/ 126*" 
Tor a mean windspeed of 103 knots and a tnaximum 
windspeed of 126 knots. A calm wind is reported 
'00000,*' and a variable wind direction is reported 
"VRB," To-.be coded "VRB," the wind direction 
must fluctuate 60^ or more and the windspeed must 
be l^edter than 6 knots during the period of 
observation. , 

1-52. The visibility, "WW," is reported in 
meters— to the nearest 100 meters up to 500O 
meters, and to the nearest 1000 meters between 5000 
and 9(500 meters. Since 5000 meters is the same as 5 
'kilometers, you may think of visibility in terms of 
kilometers for reported values of "5000" and above. 
When the visibility is more than 9000 meters 
(approximately 6 statute miles), report "9999." 

1-53. Runway visual range is reported in the 
form "RVrVrVrVr". Runwaj^ visual /ange is 
reported when t.he prevailing visibility is 1 mile or 
less or when the runway visual range is 6000 feet 
(1830 meters) or less. Although runway visual range 
is determined inliundreds of feet, it is reported in 
mqters. Values below 300 meters and above 1830 
meters are not reportable values and are coded * 
M0300 and PI 830 (M means minus and P means 
plus). The reportable runway visual range values are 
converted to meters as foUowsf 
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RVRin Hundreds 


Reported m 


of Feet 


Meters 


10- 


M0300 


10 


0300 


12 


0360 


14 


0420 


16 


0490 


IS 


0550 


20 


0610 


22 


0670 


24 


073G 


26 


0790 


22 


0850 


30 


0910 


32 


0970 


34 


1030 


36 


ilOO 


38 


1160 


40 


1220 


45 


1370 


50 


1520 


55 


1^*711 

lO/U 


. 60 * 


1830 




P1830 



1-54. Weather phenomena (w'w') occurring at 
the time of observation are encoded similar to 
present weather' in synoptic code. The values arc 
derived from tables, as they are in synoptic code. In 
the METAR codc^^ however^ the numerical value 
from the table is followed by an abbreviation which 
further describes the phenomenon. This 
abbreviation is two or four letters so that the wV is 
either four or six characters. For example, **95*' is^ 
used to report a thunderstorm in the synoptic code, 
but in METAR code the abbreviation ^^TS*' is added 
so that the group becomes **95TS.*' Similarly, a 
severe thunderstorm is reported "97XXTS" in 
METAR code. 

1-55: The letter abbreviations make it easy for 
you to decode the present weather element of the ^ 
METAR code,^ although they are intended 
primarily to make decoding easier for nonweather 
personnel. There is nothing mysterious about the 
letter combinations used as abbreviations in the 
wV group. Some of the basic abbreviations are as 
follows: 



Code Weather Element 

FG . Fog 

FU Smoke 

DZ Drizzle. 

RA ' Rain 

SN . Snow 

GR Hail 

TS Thunderstorm 



1-56. These abbreviations are amplified by . 
preceding them with '^FZT for freezing and **XX*' for 
heavy or by following them with ^'SH" for showers. 
Therefore freezing drizzle is **FZDZ,'' heavy rain is 
"XXRA," rain and snow occurring together are 
^'RASN,** and rain showers* or snow showers are 
"RASFT or "SNSH.** The numerical coded figure, 
of course, is still the b?isic designator ior weather 
phenomena and clarifies the'itfeaning of the gco]^ 
further. The abbreviation "RASN*" denotes rain 
and snow occurring together, but the numerical 
value indicates the character of the precipitation; 
**68RASir means continuous rain and snow, 
whereas **83RASN*' means showers of rain and 
snow. Note that in the latter case the **SH*' for 
show.ers is not used in order to limit the group to six 
characters. The "83** " establishes the showery 
character of the precipitation. Foldout 2 contains 
the familiar present-weather chart, showing the 
coded values for the present weather. 

1-57. The cloud group **N,CChih,hi*' is repeated 
to feport a number of layers. For each individual 
layer, amounts (N,) are entered to the nearest 
eighth. When two or more types of clouds occur 
with bases at the same level, the amount entered will 
refer to the total amount of clouds ofall types at that 
level except when one of th^ clouds is 
cumulonimbus and it does not represent the greater 
amount. 

1-58. The "CCr element of the "N.CCh4h.h." 
group represents the type of obscuring phenomena 
or cloud. When two or more types of clouds occur. 
' with bases at the same level, the type that represents 
the greatest amount is coded. In the case of equal 
amounts, the type which is considered more 
significant is coded. When cxunulonimbus clouds 
are observed at the same level as other cloud types, 
and are not reported because they do not represent 
the greatest amount, each type is coded in separate 
cloud groups; e.g., for 3/8 clouds observed at 3000 
feet consisting of 1/8 CB and 2/8 CU, 1CB030 
2CU030 is coded. The lO reportable cloud types and 
the IQ reportable obscuring phenomena types are: 



Code 


Cioud Type 


Code 


Obscuring Phenomena 


CI 


Cirrus , 


DZ 


Drizzle 


CO 


Cirrocumulus 


GR 


Hail 


CS 


■ Cirrostratus - 


RA 


Rain 


AC 


' Altocumulus 


PE 


Ice Pellets 


AS 


Altostratus 


SN 


Snow 


NS 


Ntmbostratus 


SN 


Blowing Snow . 


SC 


Stratocumulus 


FG 


Fog 


ST 


Stratus 


HZ 


Haze 


CU 


Cumulus 


sX 


Sai^d 


CB 


Cumulonimbus 


FU 


Smoke ^ 
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given by a thrcc-digii code: Following arc some 
code ilgures and corresponding height values from 
the code table: 



Cod€ Figure 


Feet 


Meters 


000 


<100 


' -<30 


001 


iOO 


30 


002 


200 


60 








^ 020 


2,000 


600 








048 


4.800 


1.440 


049 


4.900 


. 1.470 


050 


5,000 


1.500 



Code Figure 


Feet 


' Meters 


055 


5.500 


1.652^ 


060 


6.000 




065 ^ 


6.500 


i.po 


095 


9^ 


'W50 


100 


10,000 


3.000 


110 


IKOOO 


3.300 


120 


12,000 


3.600 


130 


13,000 • 


3.900 


300 


30.000 


9.000 


350 


35.000 


i 0.500 


400 


40,000 


12,000 



When the sky is totally obscured, **N,- is coded **9,*' 
and the doud group is coded **9/(h.h,liM'* where 
is the two letter phenomena causing the 
obscuration and "hihth." is the vmical visibility. 

1-60. A partial obscuration is encoded as a cloud 
group. The amoun^of sky hidden by the partial 
obscuration is entered^first, followed by the two 
letter phenomena, causing the obstruction, and /// 
in place of "hthgh,." Some typical examples are: 
' • 2FG/// 

• 4HZ/// • ' ' 

• 2FU///; 

1-61. The temperature and dewpoint group 
(TT/Tdr^) follows the cloud group (NiCCh^h.) in 
the symbolic form. The> air temperature- and 
dewpoint temperature arfc reported in whole degrees 
Celsius. Values less than 10** arc preceded with a 
zero in order that values reported arealways in two 
digits. For example, a temperature of 9* C is 
reported Negative temperature values are 

preceded witji the letter "M" (minus) so that a 
temperature of --9^ C. is reported^'*M09.'' 

Ml The altimeter setting is reported "in the 
group -PHPifPHPH.*' Air Weather Service stations 
report altimeter settings in inches of mercury an( 
add the contraction •^INS/' i.e., "2989INS.*' 



1-63. An additional group reported Is the group 
"CIU(D)hhh." This group is reported when a 
ceiling, variable ceiling, or surfaced based total 
obscuration exists! C^itozsr is the height of the lowest 
layer of clouds or obscuring phenomena that covers 
5/8 or more of the sky at and below that level. This 
group clarifies the sky condition by specifying the 
ceiling (CIG), the ceiling height classification 
designator (I^, R, A, E, etc.)(D), when theccilingis 
less than 3000 feet, and the ceiling height. The 
ceiling height includes vertical visibility into a 
totally obscured sky. When a layer(s) of clouds is 
reported, the amount of which is 5/8 or mtJre, but 
the la^er(s) is not opaque, the* remark **CIGNO*' is 
entered as the first remark in the observation. If a 
variable condition exists and the variability affects 
the reporting of a ceiling below. 3000 feet, the 
conditiorf existing at observation time will be coded. 
Some examples of variable sky cover are: 



Observed 

2/8 Sc. Varying to 3 8 
3/8 Sc, Varying to 2/8 
2/8 St, Varying to b8 



Sky Condition 

2ST0I0 2SC025 
2ST0I0 3SC025 
2ST010 3SC025 1AC080 
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Remark 

CICNO OCNL CIGM025 
" CIGM025 OCNL CIGNO 
CIGEOIS OCNl, CIG080 

i-o4. As the symbolic form indicates, the last 
element pf a METAR report is reserved for 
remarks. Volume 2 describes the method for 
reporting remarks. The emphasis placed on the 
importance of remarks in Volume 2, in relation to 
airways reports, also applies to METAR reports. 
Anything that amplifies and. clarifies the 
observation or makes it more representative is 
appended to the report as a remark. 

1-65. The term "SPECT' designates an aviation 
Selected special report! This code provides for the ^ 
dissemination of special observations in the same 
basic code form as METAR reports. There are only 
two significant differences. For one thing, the time 
reported with a SPECI report is the actual time of 
the special observation. Second, the 
temoeratOre/ dfi»Doinlandaltiract«:set^^ 
are not included in SPECI reports. AU otTier 
elements of the code are identical with the METAR 
codjf form and. are gpycmed by the same coding 
injftructions. 

1-66. As with airways code in the United States, 
your station has a current plotting model for 
METAR code. Once youVe familiar with the 
standard plotting models at your station,-it should 
be easy for you to adapt to plotting models used in 
locally produced charts. 
1-67. As with .airways code in the United 
' States, your station h^s a current plotting model 
for METAR code. Opce you're familiar with 
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the itaiulard pli.iting inoUcIs at your station, it 
should be cas\ tor >ou to adapt to plottiiis: 
models used in loc.ilK produced ch.ifts 

1-68. Local Area Ciiartv liach detachment 
ii responsible for cMablishing a local analvsis 
program (LAP). This program provides the 
detachment with the localK prepared charts to , 
supplement the centrally pr«Kluccd charts (tac- 
similc). Those locally produced charts arc 
usually relerred to as the local area surlace 
■Chan '(LASC) or the local area work chart 
(LAWC) The main difference bet\\i:eii these 
charts is that the LASC is used for more com- 
plete analysis; hence, it requires more plotting 
clemcms. Most detachments .require at least 
one LASC per day and usually display it in a 
prominent position in the briefing area. 

1-69. The ' LAWC provides the torccasler 
with information on operationally significant 
weather existing or expected \%ithin the local 
area. The forecaster may request an LAWC to 
be plotted frequently during periods ol in- 
clement weather. If he should, your station has 
instructions on what to plot on each, including 
the weather tvpe that may be plotted .on 
LAWCs or LASCs. Although LAWCs can be. 
developed from upper air data, our discussion 
of these locally produced charts centers 
primarily on the surface chart variety. In un- 
derstanding the role your detachment has in the 
development of locally produced "charts, you 
should- examine the various sources ot data 
available for plotting. 

1-70. Sourcvi of data. Since*'airways code is 
•most frequenilv plotted on local weather charts, 
an impression' is created 'th^it these charts arc 
limited to this fource-gf data. This is not the 
case! Granted, the analyses required tor a stan- 
dard LASC requires that a v.cat*hcr code such as 
airways be plotted. However, any ot the basic 
surlace weather codes may be used for plotting 
locally prepared charts including: 

• Air'wuys. 

• METAR. 

• Ship Synoptic. ? 
- • Land synoptic (backup). 

l-7h When special aiialysis requirements' 
exist, the forecaster may ask you ^ to plot 
weather data that is of an "unscheduled 
variety. These codes are: 

• Radar reports. 

• P.ilot rc'port's. 

• Severe weather ad,visories. 

• • J5^nsonde and dropsonde data (1000- 

mb or 8.''0.-mb levels). 

• Weather reconnaissance reports. 

• COMBAR and AIRUP reports. 

\.V As Shown above, almost any type of 
<iata may be plotted on a local v\cather chart. 



Por instance. RECCO data may he very usctu! 
if you are located at w coastal region where a 
tropical depression or hurricane is .ipproachinc 
and the lorccaster needs to monitor the storm ■» 
evcrv movement. In this case, you may be 
somewhat -TustN" in plotting these reports. 
Therefore, there will probably be a plotting 
cuide located near the working area, because 
many of these codes are discussed in o(her sec- 
tions of this volume, you should review the 
codes that are usually restricted to plotting on 
LASCs or LAWCs. The first of these, pilot 
reports, provides the forecaster with in- . 
formation on actual sighting of weather 
phenomena and is^pccially Ticlpiul in the 
identification of scv?ns>weather areas, tur- 
bulence, icing, and other phenomena hazardous 
to night operations. 

1-73 Plottms pilot reports. At the weather 
'detachment that supports fiight operations on a 
lar-'c scale, pilot report information has an im- 
ponant part in station operations The 
forecaster uses pilot reports to briet pilots on 
weather phenomena that they may e.>;perience 
aver the same flight path. The- forecaster also 
uses this source of data to confirm his predic- 
tions of weather mo%ement and development. 
There are several methods for making this data 
more meaningful to the forecaster and other 
users They should be filed near the pilot-io- 
forecaster (PSFV) communications unit tor 
ready accessibility and plotted on a special 
pilot report chart by using an abbreviated form 
of weather symbols or a numbering system. 
These methods of using pilot report data are 
satisfactory in most uses: however, on occasion, 
a need arises to display this information sym- 
bolically on a weather chart. 

1.74 Your station has established standard 
policies for plotting pilot reports based on 
AWS Manual 105-22. Loca/ Wcatln-r Analyses 
Prajram. Some general plotting rules^that are 
usuUly followed at most stations are: 
• a/Nvhen duplicate reports are received, plot 
the latest report. 

b. Always enter the time of observation. 

c. Illustrate the location of the phenomena. 
d Enter the aircraft type with PlREPs that 

_ contain turbulence, icing, electrical discharge. 

and contrail remarks. 
. • e. Plot recognizable meteorological symbols 

for the weather phenomena. 

1-73 Figure 2 shows an example of two . 
plotted piiot reports. Onq e.xitmple shows a 
report of phenomena oyer a specific area. 
wlVereas the other shows a report over one 
location. In both cases the f"rec''S»':[ " 
intcrpreuhis data more easily than i! lie had to 
read the report directly from the teletype 
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EXPLANATION OF RADAR SUMMARY CHART 
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UACEO SJCTION OF HaOaH SUMMARY CMAtT 
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AREA OF "AVIATION SEVERE WEATHER FOJlfC AST'\WITH ENTRY OF NO. AND VALit TIME. 
WHEN A runic SEVERE WEATHER FORECAST HAS lEEN ISSUEDJHE LINES DEFINING THE 
AREA >RE DASHED 
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Figure 3 IMoltccI radar reports 



ERIC 
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report. The forecaster can use this data along 
with radar reports and surface weather obser- 
vations to obtain greater insight into some of 
jhe atmospheric processes that continually 
challenge and confront him. Oft^n a pilot is in 
a position to report weather phenomena, such 
as newly formed lines of convective clouds, that 
have not been identified on radarscopes. This 
information provides "added" information 
about severe weather development. 

\ -lb. Plotting W^dar reports. At times, the 
sole indication of ievere weather in the area is 
revealed by radar observations. The network of 
radar reporting stations that covers the entire 
United States is adequate to detect areas of 
severe weather. Just as the military weather 
warning center ^evaluates all radar reports 
; transmitted by the various reporting stations, 
each weather detachment /is concerned with 
evaluating reports of echo^. The forecaster can 
do this by making vistfal inspections of in- 
coming radar reports, in many cases, however, 
this technique does not provide the forecaster 
with the infornxation essential for a reliable 
forecast of severe weather. He must see the 
radar echoes displayed on a weather chart with 
respect to their actual location. Then he can 
better visualize the atmospheric changes taking 
place when he compares these observations 
with ot^er weather reports and facsimile 9harts. 
One of your jobs is to plot these radar reports 
so that the forecaster can obtain this better pic- 
ture. 

1-77. One widely used way to display radar 
reports on maps is to outline the dimejisions of 
the echo area and enter the significant parts of 
the report within the^ outlined area.Npigure 3 
^ shows the guidelines for plotting th^ various 
types of radar reports. These plotted reports 
should include the htovement, ^jjz/, and in- 
tensity. Also, sometimes, a color code is used to 
indicate different reporting times, which enhan- 
ces the picture for the forecalker. Closely 
related to the plotting of radar' reports is the 
» plotting of severe weather advisory data on 
locally produced charts. 

1-78. Plotting severe weather advisories. 
Severe weather aSu^spries, in many cases, are ' 
the most important \li|ther messages received " 
at a detachment'; espeMUtly d'uring the spring 
and summer months. |P^ing this period the 
forecaster closely monitors weather areas, such 
as frontal zones, that ccfuld be hazardousMo 
• flight operations. At times such as these, the ' 
forecaster may request that an LAWC be plot- 
ted with the latest severe weather advisories 
outlined in colored pencil. These plotted 
reports of expected severe weather, along with 
surface weather reports, provide the forecaster 
with an excellent picture of severe weather 
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development within his area of responsibility. 

1-79. Military and civilian weather warning 
centers disseminate warnings by several 
methods. Regardless of the teletype message 
format in which they are received, it is your job 
to plot the warning on LAWCs. Some 
guidelines that are heljffyl in the plotting of 
severe weatheV advisories are: 

• Locate -and plot the area outline with 
measuring devices such, as rulers and protrac-. 
tors. 

• Know the chart scale and the number of 
miles that 1 inch represents. ^ 

• One degree of latitude equals ap- 
proximately 60 nautical miles.* 

• Enter the valid times of the report within 
the area outline and the advisory number. 

• Enter the type and severity of phenomena^ 
expected within the area outline. 

1-80. Other types of data that may be plotted 
on locally produced charts, such as upper air 
data, are plotted by using the same general for- 
mat on all types of charts. Before you continue 
with Section 2, Upper Air Charts, refer to the 
chapter review exercises in your workbook and 
answer the items for this section. 
2. Upper Air Chartii 

2- 1 People from ajl walks of life fear mother 
nature's most damalging creations — tornadoes 
and hurricanes. Their violence and un- 
predictability have prompted many new 
tracking and reporting systems in recent ^ears. 
In the midwest, where most of our farm 
products are produced, the farmer must con- 
tend with the ever-changing face of mother 
nature. His crops depend on rainfall, but they 
are jeopardized by high wind and hail. In 
Florida the citrus grower may lose his entire 
crop through an unexpected e^rly frost. As a 
meteorologist, the forecaster uses alUsources of 
data to provide accurate forecasts and briefings 
for using agencies. He is responsible for 
providing pilots with comprehensive briefings 
of flight conditions. In many cases, his forecasts 
decide the success of military operations. He 
can rely on the surface analysis for only part of 
the st'-ry. He knows that surface weather 
characteristics are a direct 'resuit of changes 
throughout the. atmosphere. His forecast for 
local thunderstorm activity is based primarily 
on varinnces in dur atmosphere. 

2-2. At most .AWS detachments throughout 
the world, the forecaster receives his upper 
level charts over facsimile circuits. In most ' 
cases, a sufficient number of upper level charts 
is received. However, when . the facsimile 
machine is inoperative or during periods of 
special flight operations, you may be required 



to plot selected upper air charts. Section 1 
discussed the codes of surface data normally 
received at weather stations. At forecast cen- 
trals, the plotting of upper air charts is a 
routine observer function, tipper air data fur- 
nishes us information about tjic state of the at- 
mosphere beyond the reach of^our surface in- 
struments. This information becomes 
meaningful to you only when you understand 
the codes used to record the data. Knowing the 
.codes permits you to plot constant pressure, 
'winds aloft, Skcw-T, and continuity charts. 

2-3. In this section we will discuss tjie 
radiosonde and upper wind codes. After a brief 
review of these codes, we will discuss plotting 
data on the upper level charts. The plotting 
models and the general instructions that are 
used are found in AWSM 105-22, Local 
Weather Analysis Program. 

2-4. Radiosonde Code. The manual for 
radiosonde code and the AWSM 105-24, 
Meteorological Codt:^, discuss the code format 
that is used and the data included in the 
radiosonde code. The complete code is divided 
into. four individual parts (A, B, C, and D). 
Parts A and C are for worldwide distribution. 
Parts B and D are normally intended for 
distribution in continental or regional areas. 
The United States has elected to collet and 
distribute Parts A and B in a single nlbssage', 
referred to as iht/tirst transmission. The code 
name *TEMP" has been assigned to the upper 
air observation from a land station. The code 

PART A. 

TT YYGGId Hni . . 

99PoPoPo ToToTaoDoDo dodofofofo 
OOhhh TTTaDD ddfff 
85hhh TTT DD ddfff 
70hhh TTTaDl Jdfff 
50hhh TTT^D ddfff 
40hhh rrijiDD ddfff 
30hhh TTTaDD ddfff 
20hhh TTTaDD ddfff 
IShhji TTTaDD ddfff 
lOhhh TTTaDD ddfff ^ 
38PlPiPt TiTJaiDtDt dtdiftftft 
77 or 66PmPr«Pni dn,d,nfn,fjnfm 



names are for precise reference purposes only 
and are not transmitted. 

2-5. Parts A and B, normally completed 
soon after termination of the sounding, are 
transmitted fir3t\o expedite the distribution of 
data. This makes data available while the 
remainder of the sounding is being evaluated 
and coded. Several hours later the remaining 
parts— C and D, are distributed as a second 
transmission. The first transmission provides 
sounding data up to and including 100 
milliljars (mb). Each of the coded parts con- 
tains a specific type of level. 

2-6. Types of levels. It is customary to call 
certain standard isobaric surfaces ^'mandatory" 
levels. These designated mandatory levels 
chosen by a World Meteorological 
Organization (WMO)' agreement must appear in 
every report if the sounding reaches these man- 
datory levels. Parts A and C are composed of 
mandatory 'levels. Part A contains only the 
mandatory levels at 100 mb and below, and 
Part C the mandatory levels above 100 mb. 
Parts B and D are the level.s containing the 
significant .changes jn either temperature or 
humidity occurring between .the mandatory 
levels. Hence the term "significant levels.*' Part 
B includes significant levels up to 100 mb and 
Part D the levels above 100 mb. The following 
format shows the radiosonde code that applies 
to WMO Regions IV (North and^ Central 
America) and V (Southwest Pacific).* 



(Idcniificaiion— Section 1) 
(Surface Data) 



(Standard Isobarjc Surfaces- 
Section 2) 



r 



^Tropopause Data — Section 3) 
(Maximum Wind Data^Sectton 4) 



PART B: 
VV YYGG/ Iltii 
OQPqPo ToToTaoDoPo 
1 1 PPP TTTaDD 
22PPP TTTaDD \ 

33PPP TTTaDD etc. 

31 3 13 25hhh TTTaDD .ddff 
5I5I5 lOlAjfAdf 

PART C: 

WW YYGGId llni ' 



(Identification — Section t) 
(Surface Pata) 

(Significant Levels — Section 5) 

(Data for 250-mb Surface— Section 
(Regional Codes— Additional Data- 
Section 9) 

(Ideniiricaiion— Section I) 
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70hhh TTTat>D UdftV 
50hhh TTT;jDD ddtlY, 
30hhl) TTTjDD ddt'tt 
20hhh TTTaDD ddttT 
lOhhh TTTjDD ddttf 

07hhh TTTpD ddttt 

05bhh TTTaDD ddttf 

03hhh TTT^DD ddttt 

02hhh TTTaDD ddttf 

Olhhh TTTaDD ddtff 

88P1P1P1 TiTiTaiI>iDi didit^titi 

77 or 66Pn,PmPm Jm^m^mtm^ni 



(Standard Isobaric Surfaces — Section 2) 



(Tropopause Data— Section 3) 
(Maximum Wind Data — Section 4) 



PART D: 
YY YYGG/ lliii 
IIPPP TTTaDD 
22PPP TTT,iDD 
33PPP TTTyDD 

44PPP TTTADD etc 

51515 lOIAdt'Adf 



Times of observation are also prescribed by the 
WMO because of the international usage of the 
code. 

2-7. Observation times. The WMO standard 
hours of observation are 0000 and 1200 GMT. 
If only one observation per day is taken, it is 
taken at one of the standard times according to 
instructions issued to the station. When more 
than two observations are taken per day, either 
0600 and/or 1800 GMT is prescribed. The 
following paragraphs^ di^uss ihe* coding of ihe 
observation time in -the report along with the 
coding of the other data included in the in- 
dividual parts. 

2-8. Parts A (Radiosonde Code). When 
referring to the code format, you notice that 
Part A is subdivided into sections. Each section 
■»5 described as iMntrfication, Surface Data, 
Standard Isobaric Surfaces, Tropopause Data, 
and Maximum Wind Data. Within each section 
are several groups. For your convenience, the 
discussion of each part of the code follows this 
same outline. 

2-9. The code format also shows that Parts A 
and G have* a noticeable similarity. Another, 
similarity exists between Parts B and D. To 
avoid repetition of discussion, Parts A and B 
are outlined in detail, while only the unique 
features of Parts C and D enter our study. 

2-10. Identification code. The message iden- 
tifier for Part A appears as the first group. This 
two-letter group, TT, provides ^quick iden-- 
tification of Part A regardless of whether the 
observation comes from a land or ship station. 
The next group, YYGG. reports a coded date 
and time for the -observation. The day of the 



(Identitlcation — Section I) 



j (Significant Levels — Section 5) 

(Regional Codes — ^Additional Data~ 
Section 9) 

month (according to GMT) and the unit of win- 
• dspeed used in the report are coded together in 
the two-digit YY symbol. Code figures 01 to 3 1 
indicate the day of the month. When 50 is ad- 
ded to the day of the month code figure, it 
means the knot is the unit of measurement for 
windspeed in the entire report. When the meter 
per second unit is used, the day of month code 
figure appears unaltered. All United States 
stations report winds in knots; therefore, code 
figures 51 through 81 indicate the date in the 
U.S. 

2-1 1 . The time of observation, GG, is coded 
in whole hours GMT. If you let H refer to the 
standard time of observation, soundings may be 
taken anytime between H minus 45 to H, while 
H minus 30 is the preferred release lime. Any 
observation taken within the 45-minute time 
range has a standard time reported for GG. A 
balloon release outside that time range has the 
nearest whole hour reported for GG (which 
(t\'dy not be a standard observation time). 

2-12, Appended to the date/time group is an 
indicator. Id, signifying available wind data. 
This code figure indicates the highest man- 
datory level at which wind data is reported even 
though a* lower surface may have a missing 
wind. Suppose wind data is available in Part A 
for all levels including 1 00 mb. The Id is coded 
as I. Code figure 1 would also be reported 
despite a missing wind at 300 mb. If 150 mb 
was the last level for winds, code figure 2 is 
reported; 200 mb, code figure 3; 300 mb, code 
figure 4, etc., with each mandatory level being 
assigned an Id code figure. The wind group is 
included for all the levels at and below the level 



/ 

indicated by I^j, and omitted from the levels 
above. Each part contains its own 1^, but since 
winds are not normally reported for significant 
levels. Parts B and D have a solidus (/} coded 
for Id . 

2-13. The last identification group, Iliii, ex- 
presses^ a geographical and station numbering 
system. The block number, II, designates a 
geographical area composed of 1000 stations. 
Each station \s assigned a three-digit number 
identifier, iii. Used together, the block and 
station number identify one observing station 
in the world without duplication anywhere. As 
suggested by thcthle, the identification section 
is not plptted^^rhaps the least understood is 
the wind indicator, I^j. The task of plotting 
begins with the next sectign of th^e code where 
surface data is reported. 

2-14. Surface data. Parts A and B both con- 
tain surface data. Two noticeable differences 
exist between the data. First, the indicators are 
different; second, only Part A surface data 
reports the wind. The surface data indicator for 
Part A is 99, rather than 00 as in Part B. Using 
99 avoids possible confusion with the 00 in- 
dicator for the 1000-mb-level also reported in 
Part A. 

2-15. Part of the surface data reported is the 
pressure, PPP. The pressure vafue represents 
surface pressure in whole millibars at one of 
three possible locations. The iocatioi^ wit^|first 
priority, is the height of the instrument shelter. 
When the surface pressure is gr^pter than 1000 
mb, the coded value omits the digit "1 ." No fur- 
ther interpretation is necessary in decoding this 
pressure value before plotting it. The remaining 
surface data includes temperature, dewpoint 
depression,, and wind direction and speed. 
Since other levels commonly contain "these 
elements also, the details of their coding follow 
in later paragraphs. Surface data is always in- 
cluded in Part A in three separate groups. Any 
missing portion of the data, is indicated by a 
solidus (/). 

2-16. Other mandatory levels reported in 
Part A give temperature, dewpoint depression, 
and winci data for isobaric (constant pressure) 
levels. The isobaric levels vary in height. 
Therefore, height instead of pressure is repor- 
ted for the standard isobaric levels. 

2-17. Standard isobaric levels. Each isobaric 
level uses two digits of its own pressure as a 
level indicator. The indicator 00 denotes 1000 
mb; 85 indicates 850 mb; and 70 for 700 nfib. 
No duplicate indicators exist in any one code 
part. However, you may notice that both Parts 
A and C contain 70 indicators. There should be 
no confusion from this identifier, since Part A ' 
is coded only to 1 00 mb and Part C is coded for 



levels above lOO mb. The 70 indicator in Part 
C signifies 70 mb. 

2-18. Following the indicator for each man- 
datory isobaric level, you find a height (hhh) 
for that level. These heights are to the nearest 
whole meter up to 500 mb, and to the nearest 
10 meters at 500 mb and above. A group of 
•*8549r' indicates that the data are for the 850 
mb level (85) and that. the height is 1491 meters' 
above sea level (491). The group 40714 means 
that 400-mb level is at 7140 meters. The coded 
value in three digits cannot, of course, reflect 

,the complete height. You determine the proper 
prefix for each coded value from the standard 
heights printed on the Skew-T chart at each 
level or judge them from experience. 
.2-19. These heights tell the forecaster where 
each standard isobaric surface stands with 
respect to the last sounding and to the com- 

'^tfied standard height. When this information is 
considered for each level, it provides the 
forecaster with indications of troug\ing, 
ridging, and warm or cold air advection. 

2-20. Three separate groups contain the 
reported data for each mandatory level. 
However, if the Id indicator shows that winds 
are not reported, only two groups represent 
each level. Every level must appear in sequence, 
even if the data for a level is missing. Frequen- 
tly the 1000-mb level is below surface and. ob- 
viously, temperature and wind data cannot be 
determined; however, the report still maintains 
proper, sequence by showing. OOhhh 1 1 1 1 1 
1 1 1 1 1 for the missing data. 

2-21. Similar to the surface level, the 
isobaric levels contain reports of temperature, 
dewpoint depression, and winds. Since the 
coding for these elements applies identically to 
all parts of the code, they can be discussed here 
as*' a unit. 

2-22. Temperature and dewpoint datu. It is 
not uncommon for a complete radiosonde 
report to contain a combined total of more than 
60 temperature and dewpoint values. This 
alerts you to the importance of decoding these 
values accurately. An incorrectly decoded value 
can result in a poor analysis of the various 
charts on which these data are plotted. 

2-23. The value of "TT" indicates the tem* 
peratUre in whole degrees Celsius for ap- 
propriate levels. This is also true for "TqTo" 
and "TtTt," which represent the temperature 
for the surface and the tropopause. These 
values are not complete unless you decode the 
value for "Ta," Tao^ or *Tat." When decoded, 
these values give you the tenths value for the 
temperature and at the same time indicate 
whether the temperature is below or aboVe 
zero. These tenths values range from '^O'* 
through •*9.'* 



2-24. To decode a temperature *group 
(TTTaDD) of "05718" from the radiosonde 
code» use table 1 1 to determine what the Ta 
value '*7'* indicates. Table 1 1 shows you that 
the temperature (TT) is a minus value witH a 
tepths value of 0.6 or 0.7. In this example, the 
decoded temperature is —5.7® Celsius. From 
table 11, notice that the positive temperatures 
are indicated by even numbers and the negative 
temperatures by odd numbers. Although table 
1 1 shows that the tenths value indicated by *'7*' 
could be either 0.6 or 0.7, it is not intended 
that you decide which valu^e to use. Consider 
the tenths value to be the same as the coded 
value. 

2-25. The dewpoint depression, DD, may be 
reported either as an actual or a coded figure. 
For depressions of 5"^ or lesS^ the actual value in 
degrees and tenths is reported. The number 32 
represents a 3.2"* depression in Celsius degrees. 
A coded figure represents depressions over 5*^. 
Additionally, the larger depressions are en- 
coded as whole degrees only. Each DD value 
over 5"* is coded by adding, 50 so that 56 
becomes a depression of 6®, 57 for 7®, 60 for 
10®, and further until 99 signifies a 49® 
depression. There is no provision for larger 
depressions. Also, values 51 through 55 should 
never be reported. 

2-26. When solid (//) are reported for tem- 
'perature and dewpoint data, they are either 
missing or unobtainable. For example, the 
dewpqint depression is not'i;eported when the 
temperature is below —40® Celsius because of 

TABLE 1 1 
TENTHS VALUES 

4 

Sj^bol Tj ■ Approxinate tenths v^tlu© and sign of 
the air temperature at the standard 
isobaric surfaces and significant l«v«ls«^4|f 

Symbol Tao* Approxinate tenths value and si^ of 
the air temperature at the surface. 

Symbol T^t * Approxinate tenths value and sign of 

the air teciperature at the level of the 
tropopauje . 



Code 


Sign of 




Figure 


Temperature* 


Tenperature 


0 


+ 


0»0 and 0.1 


1 




0.0 ar^ 0.1 


2 




0.2 ar-d 0.3 


3 




0.2 and 0.3 


h 




OM and 0.5 


5 




O.h and 0.5' 


6 




0.6 and 0.7 


7 




0.6 and 0.7 


8 




0*8 and 0.9 


9 




0.8 ar4 0.9 



* Sign: > means above zero. 

- neana below zero. 



ejquipment limitations and encoding in- 
structions. 

2-27. [Vlnd data. The wind direction may b,e 
reported to the nearest 5® by adding 0 or 5 to 
the hundreds digit of the speed, and the speed is 
reported to the negiresf knot. For example, a 
wind direction of 295® and a speed of 45 Aats 
is encoded as **29545." Remember the^ind 
direction should be decoded to the nearest 5® 
by determining whether or not 500 has been 
added to the windspeed (tTO. If it has been ad- 
ded, you add 5° to the value for **dd.'' This is 
how you can obtain a wind direction to the 
nearest 5®. 

2-28. The values for "fff ' are the windspeed. 
The values coded for "fff need no conversion 
unless 500 is added to the windspeed to obtain 
wind direction to the nearest 5®. The wind 
group ''29635," therefore, decodes as 295^ at 
135 knots. 

2-29. Tropopause dam. Part -A includes a 
report of tropopause data providing that it oc- 
curs between the surface and 100 mb. Part C 
contains the tropopause data when it is above 
100 mb. For purposes of illustration, suppose 
the tropopause occurs at 240 mb. This data 
would then appear in the first transmission. 
Part A. 

2-30. A tropopause i^ represented by three 
groups of .data. The data indicator 88 in the 
first group calls y^ur attention to tropopause 
inforrfiation. The remaining portion of the 
group, PjfPtPt' reports the pressyre, in whole 
millibars, at the tropopause level. The second 
group 'reports ^temperature, TtTtTat, and* 
dewpoint depression, DtDt-" Standard coding < 
instructions apply to this group as for any tem- 
perature group at other levels. Standard coding 
also applies to the third group^ (dtdtftftft) ^on- 
taining wind direction and speed. For similarity 
'of data, the tropopause level can be compared 
to the surface. When no tropopause is observed 
within th& stratum covered by Part A, an in- 
dicator group, 88999, appears in the message. 
However, if no tropopause. d^ta is coded, this 
indicates the data was not ready at' collection 
time and should follow in a correction message 
later. Following the tropopause section of the 
message is another special data sec- 
tion — maximum wind data. 

2-31. Maximum wind. The final Section of 
Part A ^reports maximum wind. Aside from 
meeting certain criterja. the maximum wind 
must occur at or below 100 mb to be included 
in Part A. Two indicator figures, 77 or 66. 
identify this section. Indicator 66 places the 
maximum wind at the terminating level of the 
ascent The;f77 indicator tells you when the 
maximum wind occurs below the terminating 
level. The pressure at the maximum wind level 



follows. The second group, of course, reports « 
the wind in 'the same wqy as for other levels. 

2-32. There are four options for reporting 
maximum wind with which you should be 
familiar. Normally, two groups of data 
represent the wind level. Occasionally, a secon- 
dary maximum is also observed and reportedj 
adding a se«^d set of groups. If n(>-4»ajurmHn 
wind ctnToe observed in the stratum included 
in Part A, the group 77999 appears in the 
report as the third option. Finally, when no 
maximum wind data is' reported, you may 
as^ujTTie^^he data was not available at collection 
tirra^.l^ui sb0uj[d follow in a correction message 
later. V 

2-33. From the temperatures and dewpoini . 
'depressions of Part A, a general picture of iIk^ 
sounding to 100 mb. becomes evident. 
remains for Part B to fill in the gaps showing 
the detail^ oi^ temperature ih\ersrons*and upper 
layers of moisture. 

2-34. Part B (Radiosonde Code), Unlike 
Part A, where the number of levels remains 
fixed. Part B contains as many levels as 
necessary to show the significant changes of 
temperature or humidity within the sounding. 
Significant changes in wind not being con- 
sidered, no winds are reported. Though it ac- 
companies Pan A in the first transmission. Part 
B has its own identification section. 

2-35. Identification, The two-letter message 
identifier, VV, appears first. The remaining 
groups, date/lime and station number, are iden- 
tical to Part A with but'^e excqpiion. That ex- 
ception is the wind' indicator. Id- Since no 
winds are included. Id conveys no meaning for 
Pan B. Therefore a solidus is always reported. 

2-36. Surface data. A repetition of the sur- 
face, data, excluding winds, appear.s as the first 
level in Part^B. Level indicator 00. instead of 
99 as in Part A, indicates surface data and is 
not used for any other level in Part B» The type 
of data reported for other levels is* consistent 
with the 5urfacq data, namely, pressure, tem- 
perature, and dewpoint depression. 

2^37. Significant levels. Indicators assigned 
to each 'leyel and numbered in consecutive or- 
der maintain proper sequence. Even a level 
within a missing data stratum is assigned an in- 
dicator to show the existence of missing data. 
The numbering sequen^ce begins with I 1 for the 
first level above the surface a^^d continues \22. 
33, ... 88, 99, J 1) for sufe«eque.it levels. When 
missing data for a singlc^vc! occurs, the boun- 
ding and missing levels ;i j in the message 
as: 44PPP TTTaDD -\// ///// 66PPP 
TTTjjDD. Of course, ihc letters would be 
represented by numbers jn the actual report. 
The coding of individual elements follows the 
procedures outlined in preceding paragraphs^. 
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No significant levels for pressures lower than 
100 mb are reported in Part B. Two special 
data sections follow the significant levels in the 
repqrt: the 250-mb levet and additional data. 

2-38. 250'mb level. At one time the 250-mb 
level was reported as a siand,ard isobaric sur- 
face. The WMO regarded the level as less 
significant than formerly and decided to delete 
the requirement for reporting it in the in- 
ternational part (A) of the code. However, 
Uni^^d States reporting stations retain the level, 
but it appears in the regional pan (B) of the 
code as a separate section. The method of 
reporting 250-mb daUTTesembles that of the 
siandai'd isobaric surfaces. An indicator group, 
31313, precedes the data. Then indicator 
height (2 5hhh), temperature/dewpoint 
depression (TTTaDD), and-wind (ddfff) groups 
complete <he section. When 250-mb data are 
not observed, the entire section is omitted from 
the message. The final section of Part B and 
also the first transmission contains additional 
data. 

2-39. Additional data. The indicator group, 
51515, specifies that the following groups con- 
tain data in regionally adopted code forms. 
Region iV adopted the 101 groups. Various in- 
formation that cannot otherwise be included in 
the message finds itself in the 101 group. You 
can locate the exact meaning of each 101 group 
in the Manual for Radiosonde Code. For exam- 
ple, 10143 = means observation delayed. 

2-40. Early transmission data. The 850 
70O =, and 500-mb standard levels and 
stability index form an abbreviated report 
known as the Early Transmission Message. 
Coding of the standard levels follows the same 
rules outlined in Part A. These early messages 
are in addition- to the complete report. The 
coded data for these levels in the complete 
report is in no way affected by the early 
message. A uniqu^part of the early message is 
the stability index. 

2-41. Stability tndex, Igls, cah be found only 
in the early message. The index implies the 
■degree of stability for the stratum between sur- 
face and 500 mb. Stable conditions are repor- 
ted by code figures 01 to 40 inclusive. NVithin 
that range the higher values indicate greater 
stability. Unstable conditions are indicated^ by 
the code figures 51 to 90 inclusive. When the 
ipdex is unavailable, it is not reported. Since 
tfie.lstabiliiy index and the early transmission of, 
standard level data tall into the additional data 
category, the entire message is assigned the 
10196 identifier. 

2-42. Each early message begins with an 
identification section, VV YYGG/ iliii 51515. 
The 10196 identifier that follows shows tbat 
850*==, 700 = , 500-nib levels and stability index 

^ V T 



data follow. Occasionally, one ofihe levels can- 
not be reported. Rather than "burdening the 
message, with a series of solidi, other 101 
groups^ may be reported to show the omission. 
As an illustration, 10195 identifies data for 
850« and 59,5^b levels* and stability indexT^ 

.Data for lOOmWbewg unavailable, the message 
completely' offiiS the level. Code figure 10197 
identifies data for 500. mb and stability index; 

-10198 identifies 700= mb data and stability- 
index. 

2-43. Though the early message hi^s a Part B 
identification section, it is a separate message. 
It precedes the first transmission in time. Parts 
A a^nd B make up the first transmission and 
contain the specific sections just discussed. Ap- 
proximately I 1/2 hours after the first tran-^ 
smission, the second transmission (Parts C and . 
D) is transmitted via teletype circuits. 
^ 2-44. Parts C and D (Radiosonde Code). 
All mandatory levels above 100 mb are repor- 
ted in Part C, and significant levels in Part D. 
Date coding is similar to Parts A and B. Only 
minor differences between reporting 
procedures need to be pointed out. Naturally, 
the message identifier is different. Part C is 
identified by WW. Also the wind ixidicator, 1^, 
though still a coded figure, indicates a standard 
level within Part C. The part D message iden- 
tifier is YY, 

2-45. Other deviations exist in the way 
heights, hhh, and pressures^ PPP, are reported. 
All heights are in meters and show the • 
thousands, hundreds, and tens digits. * 
tTfiercfore, a height of 18,5 10 meters becomes a 
code value of 851. Pressures, are reported in 
tenths of a millibar! This becomes important in 
Part C only for reporting tropopause "or 
maximum wind' pressure levels and applies to 
the Part D significant levels. 

2-46. When the trop.opause section in Part A^ 
is" coded^ 88999, you may expect tropopause 
data in Part C. Similarly, you expect maximum 
wind data in Part*C when 77999 is coded in 
Part A. When a code of 88999 in Tart C ap- 
pears as well, no tropopause can be determined. 
A similar rule applies to maximum wind. 
Neither tropopause or maximum .wind data can 
be coded in Part C unless they^ occur at a 
pressurjs level less than 1(^0 mb. 

2-47. The last information^ that can be added 
to Parts B or D, wherever it aipplies, is the plain 
language data concerning a superadlabatic 
lapse rate. Plain language data always follows 
the 51515 indicator used for JOl groups. The 
contraction SUPER identifies superadiabatic 
lapse rates. Either of thc^ following formats may 
be reported: 51515 101 AdfAdf SUPER PbPB' 
FtPT* or 51515 SUPER PbPb-PtPT- The lat- 
ter example ^Indicates a superadiabatic lapse 



rate without a 101 group, Bounding levels of 
the layer are shown by PbPb (ba$e( and PjPj 
(top). They represent the pressures in tens of 
milliaars (Part B) or whole millibars (Part D). 

2-48. When both transmissions (all four 
parts) are considered together, they complete 
the TEMP (land station) form of radiosonde 
code. Ship stations taking upper air soundings 
code their dat^ in TEMP SHIP form. The 
TEMP SHIP message comes in four parts and is 
identical to TEMP in code format, data repor- 
ted, and transmission arrangement. The only 
noticeable difference you can find between 
TEMP and TEMP SHIP messages is in the 
identification section. 

2-49. TEMP ship' (Radiosonde Code), 
The geographical and station numbering of ship 
stations cannot be easily expressed by an Iliii 
group as in the TEMP code. Instead, the ship's 
latitude, longitude, and Marsden Square num- 
ber replace the Iliii in the identification sec- 
tion. Three groups contain location in- 
formation. Following the message identifier 
and date/time groups, which resemble their 
counterparts in TEMP code, is the first of the 
three groups — latitude. 

2-50. The latitude group, 99LaLaLa, reports 
ship position between the equator and the pole 
to the nearest 0. 1 ^ latitude. Longitude and 
quadrant of the globe are coded in the second 
group, QcLo^o^o^o ■ Without direction 
designators you would find it difficult to deter- 
mine whether latitude was north or south and 
longitude was east or west. However, the coded 
quadrant figure, Qc, indicates both. Mentally 
slice the globe into four parts; once at the 
equator, dividing north and south, and again at 
the Oy\SO^ meridian, dividing ^ast and west. 
From ^table 1 2, Qc code figures define each • 
quadrant. Quadrant 7 locates ships navigating 
the waters bordering all sides of North 
America. When -Qc ^.ppears as 7, you know at 
once that the latitude is north and longi^de i^ 
west. An exact position can then be fblind 
using the reported latitude and longitude. 
J^ongitude also appears to. 0.1^. 

.TABLE 12 
SYMBOL Qc 



Code 






Fig- 


* Latitude 


Longitude 


ure 






1 < 


North 


East 


3 


South * 


East 


5 


.South 


West ' ♦ 


7 


^Korth 


Vest 



3/f 



2-S I . Though ' the latitude and longitude 
groups sufficiently pinpoint the ship location^ 
the third group, Marsden Square number, 
verifies the position given in the first two 
groups. Since plo'tting positions^are determined 
from latitude-longitude, you c5t your plotters 
have limited need for (he^Marsden • system. 
Figure 4 shows the Marsden number represen- 
ted by MMM in the code. Each 10^ Marsderi 
Square is divided into subsquares. The 
ULaULo figures give the number of the sub- 

. square within the Marsden and^ incidentally, 
coincide with the units digits of both .the 
latitude and longitude. Suppose 'a ship's 
location appealed in thg^MMULaULo group 

-^as Oj8823. From figure-Ky'lHj can;place tjie ship 
nortfr of the HaAvaiian T^Aftid? »it IV N. and 
150'' W. The remaining 'elements of TE?^P 
SHIP code b^ar no c^ference from TEMP 
code. Ships even transmit early data messages. 
Thus, since further discussion of TEMP SHIP 
decoding would be repetition, let us shift em- 
phasis from decoding radiosonde reports to ^he 
upper wind code. To obtain a more complete 
picture of the vertical wind' field, the upper 
wind code complements the radiosonde code 
by providing wind data for additional Ifevels. 

2-5?. Upper Wind Code. The code name 
"PILOT" refers to the upper wind report from a 
land station. The form of the code used by ships 
in reporting upper wind observations differs 
from the form used by land stations only in 
regard to t|ie identification data. Just as in 
TEMP SHIP the "lliii" identifier is replaced by 

PART A: 



PP YYGCa4Uiii 

44NP|Pi 
or 

55nP,P,, 



►ddfff ddfff ddfff 



the groups "99LaLaLaQcLoLoLoLo 
MULaULo " Upper winds serve for plotting 
station continuity charts, winds aloft maps, 
specific lev^l winds on the Skew-T, and 
gradient winds. Since a radiosonde sounding 
furnishes upper winds, boXh PILOT and ,TEMP 
codes may be derived from a single sounding. 
In this way duplication of observation and 
coding can be avoided. Like TEMP code, four 
parts (A, B, C, and D),,divide the upper wind 
tode. ^ • ' 

2-53, These- parts possess the same charac* 
teristics for collection and distribution", level 
orientation, and stratum coverage as,the TEMP 
code. Parts A^and B are collected together. Part 
A being intended for worldwide distribution. 
'Patt A contains winds for. standard isobaric 
levels, Part B furnishes winds at significant and 
fixed regional levels. Parts A and B cover the 
stratum between the surface and 100 mb. • 

2-54. Upper wind data are normally 
available four limes daily beginning at 0000 
GMT at 6 hourly intefvals. At those times when 
the wind observation coincides with radiosonde 
reporting (0000 and I200Z), the upper winds 
are attached to the radiosonde report. Because 
of this grouping together. Part A PILOT 
becomes unnecessary, ^ince it duplicates wind 
data reported in Part A TEMP. This is also true 
^for Part C PILOT and TEMP in the second 
transmission. The complete code is outlined 
here in much the same manner as the 
radiosonde code. The fotmat betow illustrates 
symboHpally the four parts of the code.* 

(Idenlificaiion — Seciion 1) 



(Mandatory Isobanc Surfaces — SecliOn 2) 



44nP|P| 
or 

55nPiP'j 
or 

66PmRniPni 
or 

•ni*^^m"n)"ni 
or 



ddrtt ddfrr ddrff 



(Maumum Wind Data— Section 3) 



PART B: 
00 YYGGa4 
9tnU|U2y3 

9tnUiU2U3 



Ihil 



ddfff ddnf dd»Y 



ddfff ddlff ddtrt 

^ 22 



(Identification — Section* I ) 

(Fixed Regional Levels and 
Significant Levels — Section 4) 



ERIC 



to 



Sjmbol MMM = hiumber of Mtrsdcn S<{Uftre for the Ship's Pbsition,at ' 
tfre Tunc of Obscrvttion 




Figure 4. Symhol MMM. 



ERIC 
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PART C: 

MM YYCGsr4 

44nPiP| 
, or 

55nPiPi 



44nPiPi 
55nPi>, 

or 

^^PmPnjPm 



7H„H H H 

mm 



6H^H H„H„ 
m mm 



Iii(f> 

ddfff ddfff ddfff 



ddfff ddfff ddfff 



^m^m^m^m^m 



^m^m^m^m^m 



(Identtfication— Section I) 



(Mandatory Isbbaric Surfaces — Section 2) 



PART p 



or tnUlU2U3 



or tnU|U2U3 
8 



Iliit 

ddfff ddfff, ddfff 
ddttT ddfff ddtff 



(Identification — Section k) 



(Fixed Regional Levels nd 
Significant 'Levels — Section 4V 



• 2-55. Identification code. The identification 
coUe, with the exception of the two-letter 
message identifier, is identical for z\\ p&rts of 
the jcodc. Date-time data CYYGG) gives you the 
same information as in radiosonde code, in- 



Code Fifiurtr 
0 . 

I 

2" 

3 

4 



eluding the unit of measurement for windspeed. 
Code figure a4 in the date-time group relates to 
the method of obtaining winds reported in the 
code. The meaning of the code figures for a4 
are listed ^s: 



Equipment * ^ 

Pressure instrument associated with wind measuring equipment 
Optical theodolite 

Radio theodofite . 

f^adar ^ 

Prcssute instrument associated w;th wind measuring equipment, 
but p^ssure element failed during ascent. 



The type of observing equipment uSjpd is also 
reflected iji the indicator for mandatory levels 
discussed in the next topic. 

2-56. Types of levels. The mandatory levels 
are the same standard isoba'ric surfaces repor- 
ted in radiosonde code. Quantitative changes in 
direction or speed appear in the code as 
significant levels. Added to these two types are 
fixed altitude levels included by regional, 
agreement. Parts A and C contain the man- 
datory levels with the lOO-mb level as the 
dividing level. Since these winds are included 
in Parts A and C of the radiosonde code. Parts 



A and C of the upper wind code are normally 
not used in Region IV. Parts B and D contain 
the fixed altitude levels with significant levels 
placed between. Whenever a fixed altitude level 
Closely approximates the height of a mandatory - 
level, the report omits the fixed altitude level: 
This explains why 5000 feet (850 mb) ahd 
10,000 feet (700 mb), for example, do not ap- 
pear as fixed altitude levels. 

2-57^ The standard isobaric levels use an in- ' 
dicator group (55nPiPi or 44nPiPf) to in- 
troducc a series of mandatory levels. When the 
mandatory levels are located by means of 
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pressure measuring equipment (34 of "0"), 44 is 
reported. When win^s are reported at altitudes 
approximating the standard isobaric surface 
heights (a4 of -4"), 55 is reported. The digit 
reported for *'n'\reveals the number of surfaces 
^ reported- in series and cannot exceed three. 
PlP| is a pressure indicator for the first level of 
the series. An indicator group-44385 tells you 
that the levels are located by pressure 
measurement (44), three mandatory levels are 
. injclqded in the first series, and the first level of 
the series is at 850 mb (85). The three, wmd 
groups that follow the indicator are coded in 
"ddffr* form and represent the winds for the 
» 850^, 700 = , and 500-mb mandatory pressure 
.levels. • " ' " . , 

2-58. The significant 'andyfixeh './altiut4e 
levels ixTQ the levels in Part B^^which.* are aho 
preceded by 5n indicator group. The^-^ey' to 
decoding the* data -in this - section * is the 
y9tnU| U2U3 group.'The first digit, '•9," is an 
indicator identifyitig the group and specifying 
"that the levels Reported afe below 1 00.000. feet 
and the altitude figure is expressed in 160O- 
• foot increments. The "tn" element sp^rtes the 
altitude in tens of thousands of feet^1§p winds 
reported in the following three glf-p^. In ef- 
fect, this means'that a "tn" coded as "0" refers 
to windsi?elowlO.OO0 feet. If "tn" is coded 
"I." the base level of the winds reported in the 
data groups is 10.000 feet; a "tn" of "2" means 
a base level of 20,000 feet, and so on up to 
90',OOO feet. The figures coded for "U1U2U3'* 
specify the units digits of the wind levels in in- 
crements of 1000 feet for the three successive 
levels. For example, a '■9tnU|U2U3" group 
codAJd as "91246" indicates that the wind data 
are for 1 2.000. 14,000. and 16.000 feet. 

2-59. The three data groups that follow the 
"9tnU|U2U3" group are. again, encoded the 
same as wind data groups in the radiosonde 
code. However, there may not always be three 
data groups. ISthe "9tny | U2U3" group is used 
to report jess than three levels, soljdi ( ) are 
coded in the group for '112" and ■U3*' as ap- 
propriate. For example, if the termination of 
ihe.sounding occurred at 98.000 feet, the group 
"998//." followed by the wind data group, 
would be the proper method of encoding this 
information. As a matter of fact, the wind at 
termination is always included as the last 
significant level, just as the wind at the surface 
is always encoded as the first significant level. 

2-60. The group '■^tnU|U2U3" used m Part 
B may take on a lightly different form in Part 
D. The "9' indicator specified that thd levels 
reported in Part B were below 1 00.000^ feet, 
and that the altitude figure was expressed in in- 
cremehis of 1000 feet. If the ascent extends to 

^ 2t 



100,000 feet and higher, the indicator "8" is 
• used instead of the "9." The indicator **8" 
specifies that the levels reported are 100,000 
feet or above and are expressed in increments 
xTfrSOO'^feet. 

2-.61. Maximum winds. Part A contains the 
reporting of maximum wind d^ia. One of two 
possible methods is used in reporting maximum 
wind data. The formal "77PniPmPm" or 
*"66PniPm^POT'^ represents one method and 
' "^HmHmHmHm" or "6HniHmHniHni" a 
second method. The method used depends en- 
tirely upon whether the level of maximum wind 
was determined by pressure measurement 
tPniPmPm) or by means 'of a height com- 
putation (HmHmHmHm). 

* • -2-62. The .data reported for "PmPm^m" 
represenis the pressure at the level of maximum 
wind. Up to and including 100 mb the pressure 
is reported to the nearest whole millibar, and to 
the nearest tenth-of a millibar above 100 mb. 
When pressure data are not available, the level 
of the maximum wind is rep^t^d with respect 
to a computed altitude, ^^j^^sented by 
"^m^ni^m^m- The altitude is rep&ried in in- 
crements of 30 feet. For example, if the code 
figure 1400 is reported, the true altitude can be 
obtained by multiplying the reported value by 
30 (1400 X 30 = 42000' feet). 

2-63. The indicators '66" (or 6) and "77" 
(or 7) express the same meaning as m the 
radiosonde code. The maximum wind group 
"dmdmfmfmfm" decodes the same as any wind 
group. If the maximum wind was not observed, 
the indicator group "77999" is inserted to give 
positive notification that the maximum wind 
data are not available. 

2-64. Now that we've reviewed both code 
t>pes,'we are going to discuss the products ob- 
tained bx using these codes. Two products to 
which radiosonde reports contribute are con- 
stant pressure charts and thermodynamic 
diagrams (Skew-T diagram). Our discussion 
shall deal with the plotting of these twa charts. 

2-65. Constant Pressure Charts. Where fac- 
simile transmission is availaljle, there is little 
need for' plotting constant pressure charts. 
However, the need for plotting such charts still 
exists at many locations and at centralized 
weather facilities. 

2-66. Plotting model. A plotted constant 
pressure model presents no great challenge 
since the amount of data reported for each 
isobaric level is confined to four 
parameters— height, temperature, dewpoint 
depression, and wind direction and speed. Turn 
to foldout 6, and follow the symbolic- formal 
and plotting model as we discuss them in the 
text. Foldout 6 illustrates the plotted models 
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Figure 5. Ploiied hodograph. 



both in symbolic and numerical forms. From 
general observation you notice a darkened 
station circle^ wind direction indicator, and 
whole degrees for temperature and dewpoint 
depression. Looking specifically at temperature 
and depression for the 850-mb level, you find 
that both have been rounded to whole figures 
according to standard rules— temperature from 
2,2 lo 2, and depression to 1 1 (61 -50 =11). 
The depression at 700 mb is not rounded off, as 
it is* already reported in whole degrees (67 — 50 
» 17). The darkened circle correlates with the 
plot whose depression is 5° or less. An open 
circle correlates with the greater depressions. 
The darkened circles emphasize areas of high 
moisture. 

2-67. Plotting rules. Some basic rules gover- 
ning special situation plotting need mentioning. • 
Inclose doubtful data in parentheses. Plot M 



for a missing parameter.. except windspeed and 
direction when both'are missing. If a portion of 
the reported element il garbled or missing, plot^ 
X for each missing digit. Show a missing wind 
direction by plottirtg an X in a break in the 
wind shaft. The plotter judges the best direc- 
tional position of the wind shaft. An X plotted 
at the end of the wind 'shaft means missing 
windspeed. Extrapolated height dat^i is to be 
underlined. A circle drawn around the station 
shows a calm. These rules are generally ad- 
depted and employed, though deviations may 
exist. Most vitat to the completed chart is that 
whatever is plotted should convey the same 
meaning to everyone using the data. 

2-68. In the area of decoding, one frustrating 
situation occurs when a string of letters garbles 
the report. Often, the letters can be converted 
to numbers and prevent loss of data. A 
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proficient plotter has the conversion of QWER- 
TYUIOP to its numerical equivalent ( K 2, 3» 4. 
5, 6, 7, 8, 9, 0> committed to memory or han* 
dily available. Another decoding skill aimed at 
increasing plotting speed is the quick location 
of data within the report. For instance* 500-mb 
data most frequently appears in the middle of 
^the second line in the report. Knowing this 
location cuts search time. 

2-69. Thermodynamic Diagrams*. The ther- 
modynamic diagram (Skew-T) is a commonly 
plotted chart used by weather personnel. The 
number of these charts required depends upon 
sources of data, season, and the extent of the 
desired analysis. In normal operations, one 
chart is used for each reporting station, and not 
more than two soundings of new data are plot- 
ted on it. 

2-70^ When preparing a Skew-T chart, enter 
a trace from the previous sounding on the chart 
for continuity. A 12-hour interval between 
reports permits the forecaster to see on one 
chart the atmospheric changes that occur at a 
particular st&tion. Trace the temperature and 
dewpoint curves from' the preceding (con- 
tinuity) sounding in black ink or pencil without 
transcribing data or circling ^ny poin^ Usually 
you do this before plotting the first new soun- 
ding. Plot the sounding that is 12 hours after 
the black continuity trace in blue pencil, and 
plot the sounding that is 24 hours after the 
Mack trace in red ptncW. This plotting method 
allows the use of red for the third set of curves 
to emphasize the latest data. ^ 

2-71. A free air temperature curve and a 
dewpoint curve are plotted for each sounding. 
Locate the points i,o be plotted for each soun- 
ding. Locate the points to be plotted on the 
.chart by referring to the pressure and tem- 
perature (free air or dewpoint) of the level. Plot 
dewpoint temperatures aftejr subtracting- the 
dewpoint depression from the free*air tem- 
perature. A plotting template is available for 
this purpose. Indicate the temperature and 
dewpoint by a small dot located at the ap- 
propriate pressure level: Draw a small circle of 
approximately 1/8 inch diameter around each 
dot on the temperature and dewpoint curves. 
This dircle will aid in locat^mg the points \^hen 
you draw the connecting lines. The circle* fur- 
ther aids in identifying significant points .on the 
curves. Always 'represent the free air tem- 
perature curve by a solid Ime and tll^ dewpomt 
curve by a dashed line. Identify superadfabatic 
lapse rales by entering -SUPER" near the curve 
and drawing lines to its boundaries. 

2-72. To show temperature and dewpoint 
curves through strata of doubtful data, draw 
them in the normal mannfer; however, the limits 



of these strata must be indicated in the space 
> above the legend at the bottom right of the 
diagram (e.g., TEMP DBTFL 610-550 MB) 
in the same color that you use for plotting the 
curves. Where there is a stratum of missing 
data, end the curves at the Jower boundary of 
the stratum and start the curves again at the up- 
per boundary of the stratum. Enter the symbol 
^••MISDA** in the middle of the stratum of 
missing 4ata in the same color you use for plot- 
ting the curves. -MISDA'^'is also entered 
whenever a stratum contains no dewpoint data 
and the air temperature is warmer than —40® 
C. Since dewpoint data are not encoded for air 
temperatures colder than -40*' C, no plotted* 
remark is necessary for missing dewpoint data 
above that point. ^ - 

2-13. ForMevels from 1000 to 100 milUbars,^ 
enter the height of each mandatory level on the 
isobar to which it pertains just inside either 
edge of the diagram. Enter the heights for levels 
above 100 millibars just inside the right edge. If 
necessary, adjust the position of height entries 
to avoid conflict with other plotted data. Enter 
all height values to the*ftearest meter fof levels 
up to 500 millibars and to the nearest 10 
meters for levels at 500 millibars and above. 

2-74. Plot wind data at the mandatory levels 
in the same color as the corresponding sountf- 
ing curves, using wind shafts and barbs. Plot 
wind dat^^t other levels, taken from the upper 
wind report for the same time, on the solid 
dots. Plot these reports in the same manner as 
you would plot winds on surface charts (north 
is at the top of the diagram, a full barb equals 
10 knots, etc.). Use the right-hand staff for the 
first wind report, and plot succeeding reports 
on the middle or left-hand staff. Usually you do 
not copy the winds for the continuity tPace 
unless the forecasTer specifically asks for them, 
in which case they are plotted on {he right-hand 
staff. 

2-75. For identification, enter a legend for 
each sounding that is plotted. Station index 
number (or location identifier), station name, 
and time and date (GMT)^complete the legend. 
Use the same color for legend entries that you 
use for the corresponding sounding curves. 
When a schedules sounding is not received, 
''complete the legend entries and enter the **10r' 
group, identifying the reason for no ob- 
servation in the space above the legend in the 
appropriate color, if a "JOr' group is not 
received, enter Z MISG." 

2-76. From the foregoing'discussion you can 
see that the radiosonde code reports a rather 
complete picture of the atmosphere in terms of 
pressure, temperature, and moisture. However, 
you shouldn't overlo9k the value ot the data" 
provided by the upp^r wind mformation. 



2-77. Wind d,aia becomes usefufin several 
ways. It can be presented to show wind flow on 
a horizontal plane over a largo, area, it may 
show a vertical distribution - over a single 
location, or indicate wind flow with passage of 
time at a station. One example of each of these 
presentations will now be discussed. 

2-78. Winds Aloft Chan, The depiction of 
the wind field over a large horizontal area 
describes a winds aloft chart. Facsimile trans- 
mission of these charts, rqjresenling several 
different horizontal levels, usually satisfies the 
operational need. The forecaster uses data con- 
cerning these winds for flight briefing purposes 
or as a limned forecasting and analysis tool. 
For example, a winds aloft chart plotted from 
data 6 hours later than^ the latest constant 
pressure data indicates changes in a trough or 
low-pressure circulation from purely wind-field 
considerations. Therefore, the forecaster is 
aware of a deepening trough or low-pressure 
dev€^lopmenl before receiving the subsequent 
constant pressure data. 

2-79. Hodograph Chart, A hodograph chart 
^shows the vertical distribution of winds above 
an observation point. Figure 5 illustrates a 
hodograph. Lmes radiating .from the center 
represent direction; the concentric circles show 
speed. Labels for plotted points indicate, height. 
Note the, reversed numbering of the direction 
lines. This numbering aids the analysis by 
showing wind direction originating from ih^. 
point of observation rather than from a com- 
pass point! Hodograph data provides the 
forecaster with a means of deriving thermal 
wind data from which the intensity of the front 
may be determined.^ 

2- 80. Refer to your workbook and answer 
the chapter review exercise item$ for Section 2. 

3, Aircraft Codes - 

3- 1. On a. routine basis, usually daily, arid 
mainly over the ocean areas of the world. AWS 
reconnaissance aircraft observe and report 
weather phenomena that would otherwise go 
undetected. These efforts, on the part of our 
**tiirhorne wcaihn-mvn." provide weather data 
to fill the gaps that exist over sparse data ar^cas.- 
Without these aircraft. reports many predictions 
of weather systems and their meteorological. ef- 
fects would be left to pure guesswork, 

3-2. In addition to the scheduled aircr^ 
weather observations (RECCO, CQMBAR. and 
AIREP). military and civilian aircraft report 
observations while in flight over the ocean ex- 
panses, even though their mission is non- 
weather. These observations are reported in 
PIREP code form. Naturally, if you are 
assigned to a coastal region or weather center, 
you are exposed to aircraft codes more than if 



you are assigned to a smaller detachment in the 
central United States. If you understand these 
aircraft codes and the way aircraft reports can 
be included in .the station map plotfln^ 
operation, it should enable you to perform^ 
more effectively as an observer. 

3-3. Aircraft codes have n^any uses in AWS 
Weather centers rely heavily- upon aircraft 
reports to pornplement the weather coverage 
provided by radiosonde observations^ at land 
stations. 'By interpreting the weather eli?ments 
reported by aircraft in flight along the ap- 
propriate upper air chart, the forecaster canv 
complete a satisfactory chart analysis, RECCO 
code is a highly reliable and important code, 
since the flight tracks are schedules over remote 
areas, and the forecaster can expect specific 
weather inforhiation. 

34. RECCO Code, Using foldout 7 follow 
along the symbolic format and plotting guides 
as we discuss RECCO code in more detaiK For 
normal station operations, onl> certain groups 
of this code form are used; .therefore, our 
discussion is limited to these groups. 

3-5. Identification and time groups {9XXX9 
GGg^iu). The first group of ^ECCO code is an 
identification ^group and is usually located at 
^ the start of ead^slgCCO teletype collection. 
The three middle digits (XXX) are useful in 
determining the units used and whether or not 
radar data is available. The numbers reported 
for "XXXVindicate the foflowing: 



\\\ 


Height in feci MSL. 


222 


Without radar— height m meters. 


333 


Pressure data, (miUibjars). 


444 


Not used. 


555 


Not used. 


666 


Height in J'eet MSL. 


777 


With rada?— height in meters. 


8S8 . 


Pressure data (millibars). ' 


999 


Not used. 



3-6. The time group. GGggiu, gives t^me in 
hours (GG) and minutes (gg) of the observation 
ai the position indicated by the latitude and 
longitude groups. All reported elements in the 
code are measured or obsecved as near as 
possible to this time. The last digit (iy) provides 
information on the moisture or humidity dat-a 
reported. AWS aircraft report dewpoint so that 
(iu) is coded as'.a 4 (when dewpoint is available) 
or 0 (when it is not). AWS aircraft do not use 
code figures K 2. or 3. ^ 





Code Fiifure 




Humiditv 




0 




No Humidity available 




1 


X. 


Relative himidit>. ^/r 




2 ' 




Wet bulb depression 




3 




Dewpoint depression. 


7 


4 




Dewpoint 



3-7- Latitude and* longitude groups 
(YQLaLaLa LoLoLpB/'c)' To insure that tjie 
observers plot RECCO reports at the correct 
location, you must periodically check the pjiot- 
ted stations. The first digit (Y), represents the 
day of the week, numbered from •'T* to '7" 
beginning with Sunday. The second^digit (Q) 
reveals the aircraft_j0cat4on--according~to the 
octant of the globe. If your station plots 
RECCO reports, a table for the globe octants 
should be posted near the plotting d^sk as 
follows: ' 



Code Figure 


Longitude 


Hvfmsp/terv 


0 




©•-.90' W. 


Northern . 


1 




90" W.-|80« 


Northern 


2 




l80"-90" E. 


Northern 


3 




90' E-0" 


Northern 


4 




Ncfl used 




•5 




0«-90" W. 


S<iuthe^n 


6 




90* W.-l80^ 


Southern 


7 




l80"-90« E. 


Southern 


S 




90" E.-O" 


Southern 


9 




Not used 





3-8.. The last three digits (LaLgLa) are the 
^ Jatitude to the nearest tenth of a degree. The 
first three digits (LqLoLo) of the followmg 
group give the longitude in tens, units, and ten- 
. ths of degr'ees. For example, a position ot 
168.5^ west longitude is coded "68.5." The oc- 
tant code 'M'^-or "6" tells you that it is 168.5^ 
rather than 68.5°. 

3-9. The last two digits of the longitude 
group provi4e turbulence (B) and flight con- 
dition (f 'c) dat&>NWhen other than code figure 
1*0'' is reported, theHrue airspeed of the aircraft 
is reported in plain. language at the end of the 
report, for example, 'TAS460." The turbulence . 
value is a coded digit that indicates the severity 
of turbulence; the higher numerical values in- 
dicate.more severe turbulence. The value repor- 
ted for the flight condil^ion tells the forecaster 
the amount ofjCloud cover above, at, and below 
the flight level. The group that follows the 
longitude group contains. information that you 
should not ignore when you check the RECCO 
report, plotting. 

3-10. Altitude of aircraft (hhhdfda) The first 
three digits (hhh) tell the aircraft ahitude at the ' 
observation time. The height is reported in 
decameters. For example, 6970 meters is repor- 
ted "697," and 10520 meters. "052." The value 
reported for "dt" is very 'important because it 
indicates to the plotter whether or not the 
winds are at the point of observation. When 
. "dt*^' is coded as a solidus "/." and d^ is coded, 
as an "8," the wind group will be coded as 
"////A" The **8" for da means the navigator was 
unable to determine any type of wind. In this 
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case, the plotter must be careful not to plot the 
temperature ^oup as a mnd group. 

3-11. Wind (ddfff). The .wind group of 
RECCO code reports the direction (dd) in tens 
: of degrees ("01" is.5** to 14°) and the speed (fff) 
to the nearest knot. If the direction is variable, 
•99" is reported. If the wind is calm. "00" is 
coded fjr direction. 

3-12. Temperature and weather (TTT^T^w). 
The temperature (TT) is the temperature at 
flight level and4S>reported to the nearest degree 
Celsius. Negative temperatures are coded with 
"50" added to the temperature. For example. 
-18'' Celsius is "68" in the coded message. 
Depending on the coded value reported for 
"iu" in the second group, "TuTy" is dewpoint 
depression, relative humidity, or dewpoint tem- 
perature data. Dewpoint temperatures are 
coded the same as temperatures. The last digit 
(w) of vthe temperature group indicates the 
general classification of weather at the flight 
altitude. 

?-l3. Height data (mjHHHl The first digit 
(m) of this height group provides a more 
detailed picture of the weather type. For in- 
stance, code value "5" refers to "heavy con- 
tinuoub." If this intensity classificatian is used 
with rain, it means heavy continuous rain. The 
value reported for "j" is important in that it is a 
code value that is used to identify the proper 
constant pressure level for the observation. The 
levels for the code values for "j" are.as follows: 



0 . 
I 

2 
3 
4 
5 
6 
•7 
K 



Prcsutn- Level 

MSL 
lOOi) mb 
850 mb 
700 mb 
500 nib 
300 mb 
200 mb 
100 mb 

True aIniuJc mmus 
^ pressure altitude (D- 
value, m clccanietors) 
recorded by pressure 
* iilhineier set m 29 92 

No raJut altimeter 
suh^icale reading rn 
iiiiflibar') (thousands 
hguro omtited). 

3-14. After you have determined the correct 
standard constant pressure level. you|:)nly need 
to know what the v^luc for "HHH'\j4presents. 
You already know that the mdicator- group.. 
9XXX9. specifies what height units are used. 
In most cases, metric unit$ are used: therefore, 
the data reported for "HHH" is the height in 
meters or tens of meters of the constant 
pressure level. If (he report is for the surface. 



lOOO-mb, 850-mb. or'700-mb level ("j" values 
of 0» h 2. or 3), the height is reported to the 
nearest meter. 'For higher levels, each height is 
reported to the nearest ten meters, with the tens 
of thousands figure omitted. For instance, if the 
report is for the 300-mb constant pressure sur- 
face and the height is determined to be 10,200 
meters, the entry for ''HHH" is "020;' When 
the radio altimeter is inoperative and ^ is en- 
coded for "j," the *'HHH".is coded as "013" 

3-15. Cloud data (IKnNjNzNj ChhHHh j 
The cloud code groups are always identified by >^ 
the "1" mdicator. They are of great importance! 
to the forecaster if he is investigating the^ 
movement of storms or is preparing a doup 
analysis and weather depiction chart. The digit 
As reported for "Kn" is a key digit, since it 
reveals the number of cloud layers to be-repor- 
ted with* the observation. The following three' 
digits (Ni, N2» and N3) are the amount of sky 
covered, in eighths, by each layer. When more 
than three' layers are reported, an additional . 
'T' group is sent to report the amounts of the 
additional layers. For example* an observation 
that reports five cloud layers contains the 
folldwing'cloud data: * 

l533fxChhHH ChhHH ChhHH J2I20 ChhHH ChhHH 
The coverage amount for each of the five layers 
is 3, 3, 6, I. and 2 eighths respectively. Notice 
that the second "M" group reports only data for 
the' two additional layers. The actual cioyd 
types and their heights are sent in five-digit 
groups following the "1" indicator groups. 

3-16. Each cloud type (C) is coded ac- 
cording to international co(Jing instructions for 
-the ten basic cloud forms which are in Volume 
2. Foldout 1 contains the code value for each 
cloud type. The heights of the bases and tops 
are afso reported, using international rules For 
coding cloud heights (such as used with "8" irt^- 
dicator groups of synoptic code). For example, 
if a cloud layer of stratocumulus with bases at 
2900 I'cet and tops at 6000 feet is present alphg 
with a layer of altostratus with bases of 17000^ 
feet and tops at an unknown height, the clouc^ 
group is coded' "6 1 956 467///* 
* 3-17. Special rules or exceptions concerning 
the cloud groups should always be considered. 

• When the sky is chaotic, "Kn*' is coded 
"•9;' and the'code for "N" represents the total 
sky cover. 

• When it is impossible to determine the 
presence of clouds, because* of darkness or 
other reasons, the value for "Kn" !s reported as 

(solidus): • 

• When one or-more^cloud layers are dimly 
discernible, and type* amount, and height are 
unknown, "Kn" is reported "1" to indicate that . 
clouds are present, but tbe amount (Ni)m5 



coded "9" with the following cloud group 
coded ''llllir 

• When the presence of clouds below the 
air<rraft cannot be determined, and it is obvious 
that no clouds exist about the aircraft, the "1" 
group is coded "1/990/' 

3-18. Surface wind data{4ddff or SDFSDk)- 
These two groMps are never sent for the same 
observation. In addition, they are transmitted 
only when the observation is at or below the 
700-millibar level. The "4" indicator group 
reports the direction from which the surface 
wind is blowing in tens of degrees (dd) and the 
windspeed in knots (fO- If the speed is 100 
knots or more, 100 is subtracted from the speed ' 
and 50 is added to the direction. For example, 
a wind from ,270'' at I64i knots is, coded 
"47764" in a RECCO report. When speedi;^^^' 
in excess of 199, "ff is reported "//" arid a* 
plain language remark, such as "WIND 205" is 
added to the report. 

3-19. Thet"5" indicator group reports the 
surface wind direction (D) to eight points of the 
compass. 

Code Figure Direction 
,0 Calm. 

1 NE - ^ 

2 > E- 

3 SE . 

4 S 

5 SW 

6 W 

'7 NW • ' 

8 N 

9 All directions, no definite direc- 
tion, unknown., or no report. 

The surface wind force (F) is coded along the 
lines of the Beaufort wind scale. This means the 
higher the coded value, the larger the ocean 
waves and crests, hence, the higher the surface 
windspeed. For example, a value coded "6" for 
the force (F) means large waves begin to form; 
the \yhite foam crests are more extensive 
everywhere (probably some spray). The 
forecaster's concern, naturally, is the force of 
the surface wind. From the condition stated 
above for a code value of "6" the forecaster can 
judge the windspeed to be approximately 
22-2.7 knots. 

3-20. The ne^t^igit of Jhe "5" indicator 
group provides information on the state of the 
sea (S)'aS follows: 

Code Fijiure State of Sea^iv 

0 Calm-glassy 

V I Calm-rippled 

2 Smooth wavelets^ 
.3 . Slight 

4 Moderate \ 

5 Rough \ 

6 Very fough 

7 ' . High ' 
g Very High 
9 Phenomenal 
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3-21. The last element of this group, the 
direction of swetl (Dk), reports the direction 
from which the sea swell is moving with respect 
to true north. The coded values for ''Kif' use 
•the ^ame direction units^that are reported for 
the surface wind direction (D). The remaining 
groups of RECCO code are used very little in 
normal operations; therefore, you need only to 
^understand the basic facts concerning each 
element, as explained in the following 
paragraphs. 

3-22. Remaining groups (6H^sSs^c^w 
7Ir tSbSe 7hihiHiHi SdrdrSrOe SeaeCeiel The 
*'6'* Indicator group is transmitted with the ob- 
♦servation whenever significant v^eather changes^ 
occur. The value reported for "Wg**^ reveals 
significant weather changes that have occurred 
since the last observation, or- in the preceding 
hour (whichever period is shorter). The code 
figures are as follows: 



Code Fifitire 
0 
1 

2 
3 

4 
5 
6 
7 
8 

m- 9 



Sij(nifti'ant Wecuher Chtmfie 

ho Change 

Marked Wind shift 

Marked turbulence begins or ends 

Marked temperature change (not 

altitude) 

Precipitation begins or ends 
Change in cloud forms 
Fog bank begins or ends 
Warnr front 
Cold rront 

Front, type not specified 



vtth 



3-23. The digit reported for "Ss * indicates 
the direction of the significant weather changes 
from the observation point. 
Cod^ Figure DJstance 



0 



I 



S 



No report 

Reported at pr^evious position 
Occurring at present position 
20 nautical miles 
40 nautical miles 
60 nautical mites 
80 nautical miles 
100 nautical miles 
150 nautical miles . 
9 ' More than 150 nautical miles 
3-24. The next digit. Wc. reveals weather 
. phertomena that is observed off course. 

Code Fiffure Weather Off ( nurse 

0 No report 

1 . Signs of hurricane 

2 Ugly' threate'ning sky ii , 

3 Duststorm or Sandstorm* 

4 Fog or ice fog 

5 Waterspout 

6 Cirrostratus shield or bank 

7 Altostratus or altocumulus shield or ^ 
bank 

8 ' Lrnc of heavy cunf«l(?nimbus' 

9 Cumulonimbus heads or thunderstornts 

3-25. The last digit (Dw) of the "6** indicator 
'group gives the bearing of jiveather off course. 
**Dw** uses the same coded directions as'the sur- 
face wind direction (D) reported in the "5*' in- 



dicator group (code value of 5 = SW direc- 
tion). Code figure 0 is used for Dw when Wc is 
reported as 0. • 

3-26. The *7*' indicator group identifies the 
rate (If), type (It) of icing, and the location 
(SbSe) of the icing. This data is represented 
symbolically by the group "TIrftSbSe" and is 
always the first indicator group. The next 
group (ThihiHjHj) indicates the height of the 
base and top of the icing layer. The first two 
digits after the ;7** indicator represent rtie . 
height of the icing base and,the last two digits 
represent the top of the icing layer. In both 
cases, the heights are reported by using the 
same coding instructions "that are u§ed for 
reporting cloud heights of the ten basic in- 
ternational cloud types. 

• 3-27. The last groups of RECCO code, when 
transmitted, are groups reporting radar data. 
This data is identified by the indicatpr "S.** The 
next two digits (drdp) give the bearing of the 
center of the echo from the aircraft in tens of 
degrees. For example, an echo at a bearing of 
320** is reported **32." Some exceptions to the 
rule are: 

• When echoes are in all directions, ••99** is 
reported. 

• When the distance to the center of the 
echo is greater than 95 nautical miles, '^SOl* is 
added to the drdr'\and the tens value of the 
distance is entered for "Sr.** For example, an 
echo 150 miles from the aircraft on a bearing of 
280** is coded as 785 for drdrSr- 

3-28. The distance to the echo center i§ 
reported in tens of nautical miles. When the 
distance exceeds 94 miles, a remark is entered 
with the observation, such as ."RADAR AXIS 
150 NM.** 'The last digit of the first "8'* group 
(Oe) describes the orientation of a line of 
echoes.- The second group (8weaeCeie) 
^ provides the forecaster with a better idea of the 
character and intensity of the echoes. The first 
digit (We) reports the width of the ellipse in- 
closing a line of echp^s.or the diameter o/a cir- 
cular echo in tens>,of nautical miles. The next 
digit (ae) reports Iha' length of a line; or, if a 
circular area, reports the diamet)2r of the area in 
tens of nautical mile's. 

3-29. The value reported for **Ce** describes 
the character of thd echo according to the 
following code. 

Code Figure Character of Echo 

0 Indeterminate or not reported 

1 Scattered 

2 Solid 

3 Scattered line ^ 
* 4 Solid line 

Scattered, all quadrants 

6 Solid, all quadrants 



Not uicd' 
Not used 
Not used 



3-30. Thp last digit (i^) describes the in- 
tensity of the echo according to the following 
code. ♦ 



Code Figure Intensity of Echo 

0 No report^ or unknov 

' ' I Weak, decreasing 

2 Weak, no change 

3 Weak, increasing 

4 ModerafT decreasing 

5 Moderate, no chaog^ 

6 Moderate, increasing 

7 Strong, decreasing 

8 Strong, no change 

9 Strong, increasing 
» 

One of your tasks in a weather unit may be to 
plot the RECCO collections; therefore, let's 
examine the various plotting models. 

3-31. To supplement coded RECCO 
messages or • supply additional inforination, 
plain language may be inserted at the end of the 
message. All RECCO observations transmitted 
by AWS aircraft must have coded inflight 
visibility appended in plain language remarks. 
Format is as follows: 
Remark VisibtlUy 

VSBY I inflight visibility 0 to \ mile. 
VSBY 2 Inflight visibilitv I to 3 miles.^ 
VSBY 3 Inflight visibility greater than 3 miles 

3-32. RECCO Code (Plotting). Referring to 
the right-hand corner of foldout 7 you'll note- 
that there are three standard plotting models 
used for^plotting RECCO observations, 

• Complete model. 

• Abbreviated model. 

• Constant pressure model. 

For normal map plotting operations, it is 
unlikely your detachment will ever have a need 
to plot the complete model of RECCO code; 
therefore, ypur station will have a plotting, 
model indicating what is desired in your unit. 
Usually the abbreviated model is used when 
plotting RECCO observatfons on the surface 
chart. In addition to RECCO reports, COM- 
BAR reports provide another source of weather 
information over sparse data areas of the world. 
. 3-33. COMBAR Code. COMBAR cpde is 
primarily a voice code used by aircrews to- 
provide operationally significant weather in- 
formation. If your station receives COMBAR 
reports, you must be familiar with the incoming 
COMBAR co'de. .This 'i$ necessary because 
COMBAR reports are processed by computers; 
therefore, the slightest deviation from the stan- 
dard format prevents automatic decoding by the 
computers. 

3-34. The following guidelines list. some of 
the things you should do to screen COMBAR 



reports in addition to properly coding each 
report. Eliminate reports that: ^ 

• Are older than 9 hours. 

• Do not contain the first fourjtoups and 
at least one meaningful entry for winds^ (Ur- 

-"f^r/rnt^r^•o^-s/^y-^^w/^er-~-— ™ 

• Are" obviously repetitious in space, time, 
and elements. . 

• Are addressed to SAC*, or Air Force 
Global Weather Central (AFGWC) except at 
some overseas locations. 

• Have already been transmitted while iji- 
flight (determine during postflight debriefing). 

3-35. The next step in understanding COM- 
BAR reports and their use is to identify each 
coded element. Refer to foldout 8 and follow 
along the^'symbolic form and plotting model as 
we discuss each group. 

3-36. Foldout 8 on the left-hand side also' 
shows a portion of AWS Form^Sl, COMBAR 
Code Form, on which the pilot records the in- 
formation. Encoding of these reports is a 
relatively easy task for the pilot using this form, 
and the AWS Form 8 1 follows the same pattern 
as the symbolic form for your checking and en- 
coding for transmission. 

3-37, Latitude and longitude (LaLaLaLaLd 
LoLoLoLoLdl The first two digits report 
l^itude in degrees and the third .and fourth 
digits report the latitude to the nearest minute. 
The fifth digit (Ld) reports ^he direction of 
latitude— N for north and S for^south. Since 60 
minutes is it is an easy matter to locate the 
aircraft" position. For example,, a location of 
34^3 r north and 119^46' west is "343 IpJ 
1 1946W" in the coded report. Noticfe that the 
longitude is also reported in degrees and 
• minutes. Lj in the longitude group uses W for 
\yest longitude atid E for east longitude. 

3-3S. Tirrvmnd flight level (GGgghhh). A 
standard four^digit time-group is sent in 'GMT 
put the "Z" designator is omitted. The fiight 
feveVis coded in hundred of feet MSL. For 
example, a fiight level of 16,000 feet is ''\60r 

3-39. True air temperature (TpTT). Each 
temperature report is prefixed by a letter "M" 
or "P." which denotes temperatures below or 
above freezing.. The temperature is reported 
with two digits in degrees Celsius. When the 
temperature is missing, *V//" is sent.' ' 

3-40! mhd (dxddd/fff). The identifier 
prefixing the wind direction (dx) tells the 
forecaster the navigational method used to 
determine data as follows: 

Cotle Letter Navifiutiunal Mcth()tl 
A Doppfer or Radar 

B Fix'to-fix using^ 

visual, radar, 
celestial, or Loran 
'C Other 
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The wind direction, (ddd) is in true degrees, and 
the speed is in kn^is. (fff). If the wind, data is 
missing, a-solidius is coded for ;'dx" followed 
by d space and seven solidi.for ddd/fff. 

3-4 L Height (jHHHH). This group is used 
by the forecaster to determine pressure values 
in the upper atmosphere. The first value, "j," is 
coded either "M" or *'P" to indicate a minus or 
plus height correction. The height data 
(HHHH), which is referred, to as ^Tb-value, is 
reported to the nearest 10 feet. That is, a D- 
va(ue of 158 feet is en^soded as "P0160." Tu be 
able to answer quesiionVsni ihU value and to 
insure that e^ch observer iVploiimg D-values 
correctly, you should know that D-values 
represent the approximate height difference 
between the standard height and the actual 
height of the isobaric surface. For example, a 
b-value of --POS^" at the 300-mb level- in- 
dicates that the height of the 300-mb level is 
approximately 350 feet higher than the stan- 
dard heights of the 300-mb level. 

3-42. Turbislence (BBBbbb). Turbulence 
data consists of two parts — intensity (BBB) and 
frequency (bbb). Since the code 'is computer 
handled, the turbulence group is encoded as a 
three-letter group (BBB), as a six-letter group 
(BBBbbb), or if missing, as MISG. The break- 
downs for the intensity and frequeacy 
.categories are: 





•Fryqitcm \ 


NIL 


None 


LGT 


Lighi 


MDT 


Modwaic 


SVR 


Severe . 


EXR' 




cx:l 


. Ogcusionai 


• INT 


hi(orn)iricn( 


CUS 


Co niinunus 



3-43. Visibility (WW). Visibility is r-epor.- 
ted m nautical miles X""^) represents 
horizontal visibility at flight level. It is reported 
according to the following breakdown: 

■ * GCX)D - Over ^ nm 
FAIR - l-3,nm 

3.44. Sky cover (^N 2^ 3)' Letter 
designators arc used to report sky cover in 
COM BAR code. N»|^is the sky cover symbol fpr 
the layer below fligni level; N2 for layer ai 
flight level: and N3 for layejr above flight level. 
These designators i^e: 

C — Clear 
^ . S — Scaxkred 

B — Broken 
V — Overcast 
U — Unknown or mis'iing 

If three layers are observed — scattered, broken, 
and broken — the sky cover code is "SBB" in the 
report. Bases and tops of layers are Reported 



when available, however, ihcy are reported 
along with plain language data. 

3-45, Rejuelhig dafa (RRRR). This entry 
pertains to inflight refueling operations and is 
based upon weather, such-as poor visibility and 
turbulence, which might hind^ refueling. The 
conditions for r^fuelina are either "GOOD,'* 
"FAIR," "POOR^ or -MISG.'' 

3-46. Contrails (Ull). Condensation trails, 
or contrails as they are called, arc elongated, 
tubular-shaped clouds composed* of water 
droplets or ice crystals which form behind an 
aircraft. They form when the water vapor in the 
exhaust gas mixes with arrd saturates the air m. 
the wake of the aircraft. When contrails are ob- 
served, they are reported "PRST/' (persistent), 
"NPRS" (nonpersi'sienH. "NONE," or -iVlISG." 

3-47. Aircraft heading (AcAcAc). This entry 
is reported in degrees and is reported only 
when clear air turbulence is reported. If it is 
■ missing ox there is none, and remarks of some 
type follow,. the aircraft heading is coded as 
three* solidi (///). If no remarks follow this en- 
ir>, and no heading is reported, the three solidi 
are omitted. 

3-48. Plain lan^ua^e- remarks. This section 
includes remarks that pertain to icing, thun- 
derstorms, tops, and bases of Clouds, and 
* unusual or hazardous flight conditions. Cloud, 
heights are sent in separate groups, with the 
bases coded first, followed by the designator,* 
and then the lops. If, two layers are 
present — one layer scattered with bases at 
1600, lops 3500 feel and the other rs overcast 
at 8000, with tops at- I 1X00 feel— the coded 
report is "I6S35 80VI 10/' Each COMBAR 
report is coded as AWS Form 81, COMBAR 
Code, using the guidelines discussed «i the 
preceding paragraphs. Normal ly COM BAR 
^reports are not plotted^ at most detachments: 
however, some units require the plotting of 
these Eurcrafi reppris on upper air chiarts. 

3.49. COMBAR Code (IMoUiiift). Again, 
yoiir role in connection with plotting COM- 
. BAR reports wheri' required is to plot them ac- 
\ curaiely, neatly, and timely. Foldoui 8 show* 
the most common method plotting COM- 
BAR reports. In addition to lj,ECCO and 
COM BAR there is another iaircrafi code^ 
AIREP, which is closely relafed to the coding 
formal used in COMBAR. It is explained in the 
following discussion. 

^3-50. AIREP Code. AIREP code is a 
numerical code form that is prepared by in- 
flight civilian and military transport aircraft, 
Military aircraft record eJM:h observation on 
MAC Form 193, Abbreviated Position and 
Weather Report, and^iransmii these reports to 
ground "stations for dissemination by teletype. 

33 , ' 
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In some* cases* the pilot reports his ob- 
servatiQn(s) at the time of his debriefing. In 
cither case, the reports are edited and trans- 
mitted via teletype to interested agencies. 
3-5 K The format for entries on MAC Fprm 



1 93 is arranged by block entry for computer ac- 
ceptability. The elements are broadcast from 
aircraft to ground stations in the order encoded 
on the Form 193. These broadcast elements 
and an example of encoded data follow; 



. Elrmtnt ' 



Encoded Data 



^ Aircraft number 



7^220 



Current 
Posiljon 
•'Data 



Latitude, degrees and minutes 
Longitude, degrees and minutes 
Time. GMT 

Hfiht^ IcveL hundreds of feet 



4949N 
03000W 
0204Z 
370 



Position 
Inforniarion 



Latitude, degrees and minutes 
Longitude, degrees and minutes 
ETA ' 

Endurance, hours and minutes 



5045N , 
02045W 
0249Z 
0407 



Not 
Trans- 
mitted 



Midpoint 



Wind at' midpoint or average wind. 

Tens ot true degrees (DDFFF) 31065 

Midpoint, latitude, degrees only 50N 

Midpoint. Longitude, degrees only 03^W 



Current 
Position 
Weather 
Data 



Temperature (PTT/MTT). degrees C M55 

Hazard, weather and flight 

condition code figures (HWFj,) |01 

Wind at current position, tens of 

true degrees (DDFFF) ' 30069 



CODE T4lkEX 
H , HAZARD CODE W . WEATHER QC 

(If more thsn one, transmit the more ftazMrdous) 



None 

Lisht Turb 
Moderate Torb 
Severe Tuxb 
txtrene Turb 
Trace (icini) 
Lifht Icins 
'dod^rate Icins 
Heavy Icinj 
Hail. 



0 Clear^ 

1 Scattered Clouds 

2 Broken Clouds 

3 'Continuaut Layers 

4 Lightninj 

5 Drizzle 

6 Contmuout Rain 

7 Contmuout Snow 

8 Rain or Snow Showers 

9 Thunderstonnt 



Fc FLIGHT CONDIJION CODE 

0 Clet/ 

1 AboTO Cloudf (tops less thsn 10,000 it) 

2 Above Cloudf (tops, 10,000 to 13,000 it) 

3 Above Cloudf (tops over 18,000 ft) 

4 . Below Clouds (W$^ less thsn 10,000 (t)-^ 

5 Below Clouds (bases 10.000 to 13,000 it) 

6 Below Clouds (bases sbove 18,000 it) 

7 Between- broken or overcast layers 

8 In clouds 

9 In and Out of Clouda 



wcaTCr SYMtOtS 



]^ THUNOKRtTOMM 
^ •LONINa SAND OR OU»T 

•HOW 




RAIM AND tNOMfWt^ 



HUpRfCANK/TVI>HOON 
^O^iCAL STORM 



L«T MtMK ICINC:" 



V MOO RIMC tClNG 



^ SNOW 

^ roo 

A HAtL 



SVR RIMK ICIMO 9 

^ Report as toon «a po«sibU 



LOT CLKAR ICIMO 
f\ MOO CL«AR ICINC , 
f\ SVR CLKAR IC>N« f 



^ LOT TURSULKnCK 

MOO TURSULKNCK 
SVR TURSULKNCK 9 
XTRM KXTRKMK TURSUt-KNCK 9 

TURS (Plain L,*niu»i0) 
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Figure 6. Weather code 
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'\ 3-52. All AIREP reports are edited to delete 
the Next Position Information before being 
relayed over teletype. Next Position In- 

^ formation is deleted because it contains nothing 
of meteorological significance* Referring to 
foldout 9, AIREP codes, ypuMI note that the 
N^i Posiiiort Information (four groups) has 
been left out of .the symbolic format for this 
reasofl.* 

3-».. AIREP Code (Plotting)^ AIREP code 
reports ,arc" generally plotted on constant 
pressure charts. If it is necessary to plot AIREP 
reports on \veather charts at your unit, aJetter 
or format for. this purpose fs displayed or 
outlined as shown in foldout 9, AIREP codes 



(MAC Form or ICAO Form). Figure 6 shows 
^the code table definitions and weather symbols^ 
definitions, used on a MAC Form 193..AWSM 
105-24, Meteorological Codes, also contains 
further inforraatior\ on all these aircraft codes if 
you need more inforrpation on how each item is 
derived. 

3-54. A subject that is closely related to 
weather codes is the communications circuits 
used to relay all these codes on a nationwide 
basis. This subject is covered in the next chap- 
ter. Before proceding to that discussion,^ refer 
to your workbook and answer the chapter 
review exercise items for this section. 
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.CHAPTER 2 



Weather Communications and Editing 



WEATHER JIATA .observed or received 
during your shift on duty are needed for the 
planning of USAF operations. Weathqr not 
only affects flight operations, but also has a 
direct bearing on most . military operations. 
Your >ycather observations need immediate 
dissemination to all local operating units so 
. that decisions caa be made concerning the 
weathers influence on their operations. In ad- 
dition, your observations are relayed to all 
other regions that need the observations for 
carrying out their operations. 

2. Both military and civil observations are 
given wide di^cmination throughout the world. 
They arc transmitted by teletype, radioteletype, 
and continuous-wave (CW) radio broadcast. 
This exchange of worldwide weather data sup- 
ports not only military operations but also 
provides data for civil forecasting activities that 
are carried out by the various national govern- 
ments. 

3. This chapter" discusses the various 
methods that are used to transmit weather data 
of all types. For example, if your assigninent is 
at a Aveather rcjay center, you must be award of 
the editing functions that are essential to the or- 
derly and efficient rclay^of weather data. If your 
assignment is at the detachment level, your 
primary concern is the transmission of yourob-- 
servations to the Automated Weather Network 
(Awn.) relay center. Also you will study the 
responsibilities of the Air Force Com- 
munications Service. (AFCS)^ the Air Weather 
Service (AWS), and the Modernized Weather 
Teletypewriter Communications System 
(MWTCS) in the exchange of weather data. The 
chapter also * discusses facsimile networks, 
satelliet networks, and the Astro/Geophysical 
Teletype Network. These are all part of the 
Weather Communications System. 

4. Weather Communications Systems 

4-1 . Long*line dissemination of weather data 
between military weather stations is done by an 
automatic collection-dissemination system. 
'-,which IS operated by weather editors and AFCS 
, personnel. At most AWS assignments, your 
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duties include handling and transmitting 
weather data. These tasks contribute to the 
global interchange of weather data and are 
essential to the operational effectiveness of 
your unit. As an observer who gathers the data 
and prepares it for transmission, you are the 
key man in this interchange of weather data. To 
fully understand your role in the dissemination 
of weather d^a. you must know about the 
various networks and their operation. 

4-2. The USAF/DCS Weather Com- 
municalions Networks. These are lhe weather 
teletype networks which include the Automated 
Weather Network (AWN), weather facsimile 
network, and the global weather intercept and 
broadcast networks. They provide the facilities 
for rapid interchange^of weather data on a 
worldwide basis and are discussed individuall> 
in this section. 

4-3. The mission of the USAF/DCS Weather 
Communications Neiwoek is to provide com- 
munications . service to the Department of 
Defense (DOD) agencies and the Air Weather 
Service in support of global missions. Weather 
data, because of its unique composition and the 
volumes of information which must have wide 
and timely dissemination, requires special com- 
munications networks and message handiing 
procedures. The USAF/DCS Weather Com- 
munications Networks and AWN provide this 
unique service. 

4-4. To make this service operate Smoothly, 
all AWS personnel operating weather com- 
munications fa'cijities mast follow^, the 
procedures and operatjng/tchedules contained 
In AWSM, 105-2. .Volume 1, and AFCSR 
105 — 2 series publications (especially Volume 
I and II of the latter). AFCS publishes detailed 
communications operating insjructions in AF- 
CSR 105-2, Volume I. Operating schedules, 
detailed instructions, and supplementary 
^procedures arc issued by the responsible AFCS 
echelons. AWS publishes a master weather 
message catalog (AWSM I05-2.Volume 11) 
containing complete descriptions of all weather 
messages available within the - USAF weather 
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communications system. These publications 
govern the military contribution to the overall 
interchange of weather data. We have used 
them to develop the following explanation of 
the present military communications concepts 
and .circuitry. 

4-5. Air Weather Ser>icc (AWS) Tclctvpc 
Sysleins. For brevity, these communications 
systems are referred to as COMET I and 
COMET II (A and B) (Conus Meteorological 
Teletype System). These two circuits make up 
the ADCAD-OWS Weather S\stcm (Arrwavb 
Data Collection and Dissemination, and 
Operational Weather Support, System). COMET 
1 and II consists basically of three purallel. 
eight-circuit teletype networks. They operate at 
100 words per minute and radiate from Tinker 
Weather Relay Center (KWRF). Tinker AFB. 
Oklahoma, to various tributary stations and 
receive only terminations within the coa- 
tinental Unit States (CONUS>. An additional 
circuit. COMET III, is discussed in parauraphs 

4-1 1 and 4-12. ' ^ 

» 

4-6. The XrOMET system establishes a 
method of co fleeting and disseminating weather 
data for"* military weather reporting stations 
within the United States. The ADCAD/OWS 
programmer is the key to the operation of 
COMET I and II. weather circuits. The 
pnogranimer controls-lhe switching and control 
functions of COMET I and CO.MET II circuits. 
To butler understand how the ADCAD/OWS 
programmer affects the military com- 
munications system, let's exanrine the operation 
of COMET I first. - 

4-7. COMET !\ COMET I can be described 
as. the U.S. circuit that is controlled b> the AD- 
CAD programmer to collect and disseminate 
airways data. To you. COMET I provides a 
method of long-line dissemination of your oh- 
servations .from the ROS. At the start ot each 
hour. the^ADCAD programmer will already 
have aulomaticatly activated the necessary fun- 
ctions to clear COMET I ft)r the hourly 
collection of airways data. In addition to this 
hourly polling of ADCAD reporting stations, 
the ADCAD programmer also provides for a 
continuous scan of special^ observations. 

4-8 The COMET I recefve-only capabilities 
arc usually iocaCifd in the Tofecaster section of 
the wca"ther-s(ation. This source ol the latest 
airways data enables- the forecaster to keep 
abreast of weather conditions and provides \ 
readily available source of observations tor 
briefing pilots over the PFSV. 

4-9. COMET II. The COMET II circuit is 
the Operational , Weather Supporl (OWS) 
system. This circuit serves two distinct purposes 
and IS. therefore, referred to as'COMET II A 



and COMfeT U B. At present, when the AD- 
CAD/OWS programmer engages the COMET I 
circuit for polling ot hourly airways reports (H-. 
Time), the programmer also interconnects cir- 
cuit COMET II B. During this interconnection 
period all OWS installations on COMET II B 
circuit receive hourly airways^ weather data 
only. Immediately following the completion of 
ADCAD polling on COMET I. COMET II is 
released from this interconnection period and 
becomes an independent broadcast network 
that IS primarily for the dissemination of data 
that is collected on COMET II A. 

4-10, In terms of your job. COMET II 
provides a means for receiving operattonal sup- 
port data at your station. This includes PIREPs. 
RAREPs. and TAF reports. To understand 
the differences between COMETs 11 A and II 
B. you need to know that COMET II A is the 
circuit and colleas operational data, and that 
CQMET II B is an independent circuit that 
diweminaies the collected data, COMET I is 
used solely for the loKeaion of all airways 
weather data. Finally, you need To recall that 
the ADCAD/OWS programmer controls both 
COMET I and COMET II. The programmer 
does all the switching and control necessary to 
achieve maximum circuit utilization and the or- 
derl> exchange of weather data. 

4-1 I, COMET III, The third military com- 
munications circuit, COMET 111. operates at 
•375 words per minute. Tlj^s network is a 
multipoint circuit consisting of eight receive 
only circuits terminating at various CONUS 
tacilities, COMET III originates from Carswell 
Automatic Digital Weather Switch (ADWS). 
Automated Weather Network (KAWN) located 
at Carswell AFB. Texas. 

(TN 

4-12 In terms of your job. COMET Ml 
provides a means for receiving operational sup- 
port data, similar to. COMET II. Some of these 
Items are forecasts, upper air data, synoptic 
data, and numerous other items of information. 

4-13. Military weather communications are 
•d large part of your workload while you are on 
duty at the weather station. You are continually 
friing and posting the incoming weather 
messages in their correct place. The longer you 
are associated with, weather communications, 
the better versed you become. Your knowledge 
of the basic communications tasks wilf help you 
to move on to advanced communication 
procedures as you continue to mature as a 
weather observer. In addition to the military 
weather communications you have just studied, 
there are -some things you should know about 
the National Weather Service (NWS) com- 
munication3 system. 
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4-14. National Weather Service (NWS) 
Teletype Systems. The Federal Aviation Ad- 
ministration (FAA) controls the. National 
Weather Service Communication System. The 
major differences between military and FAA 
communications systems are those that are 
necessary so that each can meet the needs of its 
respective using agencies. Both weather sejvices 
(AWS &NWS) obtain the fullest use of data 
received by means of teletype circuits. At a 
weather detachment in the midwest, your 
station may be the only military weather statioiu 
for 200 or 300 miles. When this is the case, the 
forecaster uses the surrounding NWS stations 
for the weather data that he needs. 

4-15.. Your station duties in relation to the 
FAA weather communications are not as com- 
plicated as those that involve your military 
responsibilities. Your main task is to receive 
the incoming bulletins from FAA circuits and 
to file them. This is a task that requires some . 
knowledge on your part of the, operation of 
each FAA circuit at your station. 

4-16. The Modernized Weather 
Teletypewriter Communications System 
(MWTCS) consolidates the circuit control and 
relay' functions of FAA communications cir- 
cuits — Services A, C» and ' O — into a single 
^Weather Message Switching Center (WMSC) at 
Kansas City, Missouri. These fun(jiions are per- 
formed automatically by a group ol electronic 
computers which are combined to operate as a 
communications switch. All Service A and C 
circuits extend directly into the WMSC. Certain 
portion^ of the Service O circuits also extend 
directly into the computer switch. While 'others, 
from overseas points, pass through the 
Aeronautical FixeS TelStommunications 
switch which is collocated and interconnected 
with the WMSC. Computer-to-computer links 
provide for .exchange of data between WMSC 
and the National Meteorological Center .at 
Suitland, Maryland, and between the WMSC 
and the USAF Automated Network at Carswell 
AFB, Texas. Of the three major FAA weather 
communications circuits (Services A, C, and 
O), Service A is the most widely used in your 
jgb. 

4-17. Service A. Service A consists of 
weather circuits that are numbered 8001 
through 80040. These weather circuits provide 
all stations on the circuit with the desired 
coverage of airways data. Also Service A tran- 
smits operational support data such as PIREPS 
and RAREPS. This is done in a manner similar 
to the ADCAD programmer of COMET I. The 
airways data is collected each hour "on the hour 
and is routed to all circuits; each individual cir- 
cuit receives data fdr its immediate area first. 



4-18. Service C, Service C is another weather 
communications circuit that is used at NWS 
stations. It performs a similar service as 
COMET III does for the military stations. Ser- 
vice C provides the additional data necessary at 
weather stations, such as upper wind in- 
formation, synoptic data„ and various other 
supplemental weather data. The important 
thing to remember about FAA 'weather com- 
munication circuits is that each circuit is gover- 
ned by an FAA publication which describes in 
detail the operation of that circuit. In contrast 
to the relatively stable operation of the teletype 
circuits, dramatic changes have been made in 
the relay of weather data, The reason for these 
changes are, of course, the incrgased capability 
of the Automated' Weather Network (AWN). 

4-19. Automated Weather Netvfork 
(AWN). Although most weather observer per- 
sonnel understand the basic operations of the 
automated Weather Network, few observers 
realize the ^significance of their duties in 
relationship to the operation of AWN, Each 
weather message transmitted from your station 
is processed into the AWN for further 
dissemination. The quality of these tran- 
smissions, therefore, clelerm-ines the success of 
the AWN. For this reason, you must be familiar 
with local communications policies and un- 
derstand the AWN operations, 

4-20. Network composition. The Automated 
Weather Network (AWN> is comprised of real- 
time computers which are located in major 
geographical areas and are linked by high- 
speed data circuits. Terminated in the com- 
' puters at each of the Automatic Digital Weather 
Switches (ADWSs) are low-speed circuits from 
which the weather data are received and 
distributee! for that geographical area. Data 
thus collected are automatically edited and 
distributed in accordance with requirements. 

4-21. Currently, there are four ADWSs ser- 
vicing five high-speed data users: ♦ 

a. the four Automatic Digital Weather Swit- 
ches: 

• Carswell AFB, Texas., 

• Fuchu AS, Japan.' 

• Croughton AS, England. 

• Clark AB, Philippines. 

b. The Five high-speed subscribers: 

• Air Force Global Weather Central 
(AFGWC), Offutt AFB, Nebraska. 

• Air Force Asia Weather Central 
(AWC), Fuchu AS, Japan. 

Air Force European Weather Central 
(EWC), Croughton AS, England. 

.• National Meteorological Center 
(NMC), National Oceanic and Atmospheric 
Administration (NDAA), Weather Bureau, 
Suitland, Maryland, 



• * Fleet Numerical Weather Facility 
<FNWF). US Navy. Monterey. California. 

4-22. Figure 7 shows the Automated 
Weather Network System. Notice that the "hub" * 
of AWN is the Automatic DigitaJ^eather Swit- 
ching (ADWS) center at Carswell AFB, Texas. 
"Figure 7.^als6 shows the rate at which weather 
data is relayed between the various AWN cea= 
ters. |^shown» presently, weather data canb^ 
relayed over AWN circuitry at rates as higfT*^ 
4800 WPM (3600 BAUDs). The term "BAUD" 
is a computer term used to express the rate at • 
which weather data is relayed over com- 
puterized circuits. More precisely, one BAUD 
equals one-half dot cycle per second in Morse 
code.' 

4-23. System relationship. The various 
weather networks, including AWN and 
facilities of the USAF» comprise a system fo.r 
collecting and editing data, delivery of data to 
weather centrals and forecast facilities* and 



distribution of generated products to user ac- 
tivities. Automation of the system will be 
evolutionary through upgrade and expansion of 
AWN facilities and program development to 
allow integration of the manual networks and - 
facilities into the automated facilities com- 
prising the AWN. As automation progresses, 
the AWN will become the system as an entity. 
The next teletype network we are going to 
discuss briefly is the Astro/Geophysical Net- 
work (ATN). 

4-24. Astr()/Gcoph\sicul Teletype Network 
^(ATN). This is a solar observing and 
forecasting network originating from Cariwell 
Automatic Digital Weather Switch (ADWS) at 
CarsweU AFB. Texas. The AWS Space En- 
vironment Support S>stem (SESS) is handled by 
this network. 

4-25. The AWS Space Environmental Sup- 
port S>stem (SESS) \s a worldwide network of 
solar optical* radio and. lonsphenc observing 



lAFGWC) 
OFFUTT AFB 
NEB 



CLARK A6 
PHILIPPINES 



2400 BAUDS 
3200'WPM 



(AWC) 
FUCHU AS 
JAPAN 



(FNWF) 
NUMERICAL WEATHER 
FACILITY MONTEREY 
CALIF. 



X 

2400 BAUDS 
3200 WPM 



2400 BAUDS 
"3200 WPM*" 



3600 BAUDS 
4800 WPM 



3600 BAUDS 
4800 WPM , 



(ADWS) 
CARSWELL 
AFB TEX 



2400 BAUDS 
3200WPM 



2400 BAUDS 
3200 WPM 



2400 BAUDS 
" 3200 WPM" 



3600 BAUDS 
4800 WPM 



(NDAA) 
NATIONAL OCEANIC 
AND ATMOSPHERIC 
ADMINISTRATION 



Fjgure_7,» ^ulonuiied Weather Network 
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„ |NmC) 
NATIONAL 
METEOROLOGICAL 
CENTER 



CROUGHTON, AS. 
ENGLAND 



US • 
WEATHER BUREAU 
SUITLAND MD 
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and forecasting sites located at both civilian 
and mititary observatories. These sites exist tor 
the expressed purpose of providing both 
routine and special (near real-time) astro- 
geophysical observations and forecasts to a cen- 
tral cpliectiun' agency— the Aerospace En- 
vironmental Support Center. NORAD. 
Cheyenne Mountain Complex. Colorado. The 
Aerospace Environmental Support Center 
(AESC) analyzes the incoming data and 
provides forecasts, alerts, and warnings to 
various- DOD and non-DOD customers. In ad- 
dition to the weather teletype networks, you* 
should be aware of the weather facsimile net- 
works and their operation 

4-26. Weather Facsimile Communlcation.s. 
The USAF/DCS Weather Facsimile Com- 
munications Global System is comprised of net- 
works which serve all DOD requirements and 
interlace with the Natio^qal Weather Service 
(NWS) network and Federal Aviation Ad- 
ministration (FAA) networks. Facsimile 
prtnlucts. by_ their uniqueness m composition, 
handling procedures, acquisition of data and 
grading criteria, require special com- 
municanons networks. The basic objective ot a 
facsimile system is to transfer information 
quickly, accurately, and reliably, 

4-27. Facsimile Thcor>, A picture can be 
transmitted over electrical paths b\ dividing the 
image into extremely small square elements, 
noting each element s degree of blackness or 
whiteness and. transmitting this information for 
reconstruction at the distant end. In analog 
systems, control signals from the transmitter 
synchronize the receiver 'coordinate system 
during the transfer of continuous element in- 
formation for reconstruction. A typical lac- 
simile image 18 inches x 18 inches requires 
transmitting as many as 3.000.000 square 
elements of black or white information. It is 
important to note tha^ electrical facsimile tran- 
smission is an approximation of an image and is 
not to be cunsidered an exact copy. 

4-28. S>.stcm Composition. The weather 
facsimile networks are primarily composed of 
the strategic facsimile network and the national 
facsimile network within the CONUS. and the 
huropean and Pacific facsimile networks over- 
seas. The^e systems operate at 60. 1*20. and 240 
scans per minute (SPM). depcfnding on the ne 
work capability, and employ both point-^^'- 
point and omnidirectional radio broadcast 
techniques as the situation warrants. Circuits 
which comprise the CONUS tacsimile networks 
will now be discussed. Thj hrst network we are 
going to discuss briefly is the national facsimile 

network (\VFXI234). 
4-29. National ' Jacsifnite neJwork 
' (iVFXl234). The national tacsimile network is 



the basic weather graphics network. It serves. 
appro^imately 250 NWS offices. 320 military 
and cfher government units, and nearly 350 ex- 
tension service (nongovernment) users— more 
than" 900 "drops" in all. 

4-30. Except for radar summary charts and 
digitized mosaics from National Environmental 
Satellite Center (NESC) all material originates 
at the National Meteorological Center (NMC). 
The network extends throughout the United 
States with connections in Canada at Van- 
couver and Montreal. The charts are relayed to 
Alaska over military channels from West 
Sweetgrass, Montana. In Alaska, selected charts 
are put on the intra-Alaskan circuit. Selected 
charts are also relayed to Honolulu, HI. The 
second network we are going to discuss in the 
forecast office facsimile system (FOFAX GF^ 
10206. 7, 8), 

4-31. Forecast office facsimile system 
(FOFAX GF r0206, 7. 8), This network is of- 
ten referred to as the satellite network. FOFAX 
serves forecast ^fices and military, weather 
stations by providing satellite material and 
other meteorological data needed in their 
preparation of forecasts and weather warnings. 

4-32. The network also* distributes NESC 
digitally prepared mosaics from ESSA satellites 
and' APT data acquired .by NESC (Wallops 
Island. WBFO San Francisco. Calif.) and AF 
Kunia. HI. The third facsimile network we are 
going to discuss briefly is the strategic facsimile 
network (A^X109). 

4-33. Strategic facsimile network (AFXI09). 
This is an allocated full-period 120 SPM, half- 
duplex n>ultipoint military facsimile network 
terminating a^t various^ CONUS facilities in- 
cluding Alaska. The transmitting stations on 
, this iietwork are as follows: 

• Offutt Weather Relay Center' (KOFF). 

• SuitJand Weather Relay Center (KWAF). 

• Langley Forecast Center (KLFC). . 

• Charleston Forecast Center (KCHS). 

Offutt is designated as the network central 
station on this circuit. 

4-34. This facsimile network provides ser- 
vices to the user on the barsis of operational 
rteeds.^Naiurally. the number of facsimile charts 
n^quired b> a detachment supporting a major 
operation is different from that required 
to support an ATC operation. 

4-35. Each AWS activity that has a facsimile 
circuit niaintains a program for evaluating and 
recording the quality of the weather maps 
received. This quality control program enables 
you to determine the status of the facsimile 
legibility at a glance. Poor quality reception is 
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thus documented and can be used, to obtain im- 
proved maintenance or better equipment. AWS 
personnel grade weather facsimile products 
into three categories: 
Grade 3: An excellent product. The chart 
has been recorded in phase and all 
typewritten information of pica 
type or larger is clearly legible. 
Hand printed information is of up- 
percase pica type size of larger. 
Grade 2. A good chart, of lesser quality than 
Grade 3, but one which meets the 
... ' minimucn acceptable standard of 
legibility illustrated in AWS 
Manual 105-2. Volume I. At- 
tachment 4. The chart may be out 
of phase and graded "2/* provided 
not more than 10 percent of the 
chart is lost. * 
Grade I: A chart that does not meet AWS 
minimum acceptable standards of 
legibility. 

4-36. In addition to the ■ weather chart 
grading system, your unit (if on the FOFAX 
network) is required to maintain a program of 
evaluating^, the products received from the 
satellite cameras. The definition of the picture 
quality is as follows: ^ 
Good — (Excellent to Good Product) 
defined in quality as recording with 30 per-;A 
cent or less imprefections* and 90 percent 
or niore of the information available in the 
data. 

Acceptable — (Fair tQ Poor Product) de- 
fined in quality as a product with 30 — 50 
percent imperfections and 50—90 percent 
of the information available in the data. 
Unacceptable — (Not Us>tble) defined 
as a recording qith greater than 50 percent 
imperfections and less tjlan 50 percent of 
the original data available in the product, 

4^7. Most stations have .a standard facsimile 
gradin^orm near the facsimile record^ for an 
observciNo grade the incoming charts, ih ad- 
dition to tms evaluation of chart quality, at 
many stations observers arc encouraged to 
color certain facsimile charts before they are 
posted. Most observers findjhis work enjoyable 
because it gives them a ch?hce to apply ttteir 
knowledge of meteorology. 

4-38. Weather communications functions at 
stateside stations are generally standard 
throughout AWS units. Most of the com- 
munications policies are standard and the 
equipment types are* s^iilar. This is not 
necessarily ahe case wheif it comes to weather 
data requirements, so let's see what weather 



data requirements arc and how they are 
established. . 

5, Weather Data Requirements 

5-1. Weather data requirements are Ijsts of 
data that weather units need to carry out their 
missions. These requirements fall into four 
major categories. 

a. Metjiprologicjl data routinely available in 
the worlow'ide weather communications com- 
plex. The^ources of these data are described in 
the various military ajid civil (U.S. anjLforeign) 
communications publication*. ^ 

b. Meteorological products prepared by>cen- 
trals/centers that do not fall in the category 
described above. 

c. Meteorological, data and products 
specifically tailored to support military com- 
mand/control systems. 

d. Meteorological packages containing 
weather information designed fox use in sup- 
porting contingency operations. 

Occas.ionally unique situations arise that 
require a weather unit to submit a permanent or 
temporary request for weather data not listed 
on its weather data requirements. The. data 
re^^uircments system has the flexibility to meet 
such occasions. However, when the situation 
permits, normal procedures must be used. 

5-2, .^WS units are responsible for 
establi*iing and registering their weather data 
requirements (through command channels) 
with the appropriate AWS theater agency. So 
that the weather communications system can 
provide the required meteorological data to 
AWS units .at the time the data are needed, 
three categories of priority have been 
established. Individual units and parent 
headquarters evaluate each weather data 
requirement submitted to insure that it is 
placed in its proper category; otherwise the 
weather communications system will be over- 
burdened and its responsiveness impaired. The 
three categories of priority under which data 
requirements can be submitted are routtne, 
urgent, and immediate. 

5-3. Routine. A routine request is one 
necessary to meet" normal mission changes. It 
must fall within the geographical confines of 
the area of. forecast responsibility and be 
routinely used in carrying out the unit mission. 
Forward requests for data in tJiis - category 
through channels on AWS Form 23, MANAM 
(Manual Amendment) Action Request, You 
will find instructions fur prepanng the request 
printed on the front o-f the form.' When yoii 
prepare the request, ^oVt furnish the followmg 
informatjon to the AWS MANAM agency. 
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a. Specification o! the UaUi typc(s) required, 
•e.g., hourlies, TAFs. $ 

b. WMO block/station number ^or 
ICAO/FAA call sign, of required station(s) as 
appropriate. 

c. The message headmg and date-time -group 
of bulletins which cannot be identified by 
precise station content, e.g., w.eather warnings, 
AIREPs. 

d. Detailed justification which supports the. 
data requirement request. 

■f. Date the service is requested to begin. 
(DeliA/er\ of oala identified as routine Joes not 
begin before 15 days after the AWS iMANAM 
agency receives the requestv Do not ask weather 
editing units directly for routine s'upport for 
they are not allowed to support such requests.) 

/. Duration of the requirement. Indicate 
whether the requirement is permanent or tem- 
porary. Don't use the term "until further 
notice it will not be accepted -Without a 
detailed explanation. 

^. The frequency the data are required; i.e., 
Monday throughTriday or OOOOZ and 1200Z 
Monday through Fricfay. 

5-4. Lrgcnt. A request can be classed as 
urgent if your unit receives a requirement for 
data and wasn't notified soon enough to submit 
the requirement as routine. An example is a 
requirement genercffed by a "no notice exer- 
cise" or other unusual circumstance. Under 
urgent conditions, the AWS unit is authorized 
to ask AWS weather editing units directly by 
priority message for support, and weather 
jediting units must, \o the best of their ability, 
support these requests for a 10-day period. 
Urgent requests must contain the information 
listed in paragraph 5-3 (a through g). In ad- 
dition, within 24 hours, your lin'it must furnish, 
the appropriate AWS theater MANAM agency 
with: 

a. The date direct support from the .AWS 
weather editing unit was requested. 

b. All information listed in paragraph 5-3. 

c. A brief statement explaining the urgent 
requirement or Jhe exercise code name, as ap- 
plicable. If the duration of the requested sup- 
port IS for 24 hours or less, detachments are 
exempt from h, and c above. 

'5-5. Immediale (Tactical bjstem.s). Data 
support required to meet a tactical action or 
situation gravely affecting the national security 
falls in the immediate category. The AWS unit 
concerned is authorized to request AWS 
weather editing units direcfly by immediate 
message,- for support under immediate con- 
ditions. , Weather editing uah^ must support 
these requests for an unlimited period. AWS 



units requesting suppi5rt under these conditions 
must immediately furnish the appropriate AWS 
MANAM agency, by message, the information 
contained in paragraph 5-3, a through g. 

5-6. Requests for direct support under 
urgent or immediate conditions are transmitted 
as follows: 

a. Urgent. Transmit urgent requests by one 
of the following means .in the order listed: 
weather circuits, common user (AUTODIN) or 
telephone. You must confirm telephone 
requests by message via the weather circuits. 
Xhe message should be given the same priority 
as the original request, 

b. Immediate. Use the ntost expeditious 
means available. * * 

5-7. Annual Validation of Standard 
Weather Data. In addition to obtaining data 
based on the requirements of a particular 
mission, you must validate your everyday 
requirements. This, is done by an annual 
validation. AWS theater MANAM agancies are 
responsible for the overall management of the 
data requirements program within their respec- 
tive-areas of interest. The validation procedure 
insures that individual unit data requirements 
are registered with the appropriate MANAM 
agency and maintained in a current status. The 
procedure works as explained in the following 
paragraphs. 

5-^. Annually; prior to 15 January, the ap- 
propriate > AWS ' MANAM agency forwards 
copies of the previously registered individual 
unit data requirements lis^to their immediate 
subordinate headquarters (wings, groups, or 
squadrons). Sufficient copies are provided to 
enable each activi|^ to retain one copy and 
return two copies to the AWS MANAM agency 
after certification. ^ 

5-9. After your unit receives copies of its 
registered data requirements list, your unit 
reviews the list for currency and accuracy. If no 
changes or corrections are necessary your unit 
retains one copy of the data requirements 
listing for record pur|30scs and forwards the 
other cof)ies through channels to the AWS 
MANAM agency. 

5-10, If deletions or corrections to the data 
requirements list are required, your unit in- 
dicates all deletions by lining out the message 
heading entry on the data requirements listings. 
If there are corrections, these are indicated by 
making necessary changes to the erroneous 
^Julletin entries. Then your unit forwards the 
list through channels, keeping one copy for its 
records. 

5-11. In Section 4 we covered teletype any 
facsimile circuits, and in Section 5 we told yc/u 
how you obtain the data, but wh'at about/he 



weather messages themselves? How are. the 
manuais*,. governing the circuits maintained? 
How are the messages prepared? What are the 
procedures for evaluating this data? These and 
other questions are answered in the paragraphs 
that follow in Section 6. Before proceeding to 
Section 6. turn to your workbook and answer 
the chapter revie>v exercises for Sections 4 and 

6. Communications Munuufs and 
Procedures 

6-L Types o f Comnnmu ations Manuah and 
Regulations, AVVS communicatTotis manuals 
pro^^ide guidance, on data requirements, 
weather message descriptions, weather editing, 
communications changes and revisions, 
evaluation and communications effectiveness, 
maintenance and supply, and related subjects*. 
AWS communications manual 105-2 is 
divided into six volumes. Volume I applies to 
all AWS units, regardless of location. 

TABLE 13 
DATA DESIGNATORS 





-J \ 


AroO/METAR hourly It hMf-hoar iv 


iO 


R«(Ur reports 


3E 


Sei«r":if raph report* 


SF 


:>F \21/bFLOC/ SFAZU 


SC 


Mjvr' '*c\%mJ%T\^ report* 


SH 


SKIP'3HRED 


51 


SYNOP/SHIP intermediate n-^^r* 


S.M 


5YN0P/SHIP main hourf 




SYNOP'SHIP nonstandard hour* 


SP 


MmiMM/BBBBB/SPESH/SPECI 


SR 


River and spcctat serMCc rewrt> 


sv 


Supplementary ainvavs ueatner reports 


sx 


MiACelUneous 




• Air Data 


UA • 


AiREP 


UB 


ABTOP 


';c 


Corrbmed ^ilot-baltoon ard rav^in rpoort 




M.k.x.nr)am 'vind 




TEMP 7EMP SHIP (Part 0) 




TEMP/ TENIP'SHIP (Par:$ C and D) 




PILOT/ PILOT SHI? IPart B) 




PILOT/ PILOT SHIP (Part C) 




PILOT/ PILOT SHIP (Pirts A and B) 



UJ Crtmbined TEMP <Parti A and B) ana PILOT (Pirt» A and 3) 

UJI Comb:n«tl TE.VIP PlLOT*(Part» C and O) 

VIZ Corrbirved TEMP (Complete) from C^»mputer Processed Raw Data 

UK TEMP/ TEMP SHIP (Part B) 

UL TEMP/ TEMP SHIP (Part C) 

UM TE.MP/TEMP SHIP (Parts A and B) 

Rocket sonde 

L'O Tro?o»au»e 

UP PILOT/ PILOT SHIP ^Pan A. 

UQ PILOT/ PILOT SHIP (Part O) 

UR RECCO , 

US TEMP/ TEMP SHIP (Part A) 

UT CO OAR 

UV Vector wind differences 

UW RAWIN - ■ ^ 

Misceltartoouj *w 

b'l.'A WSM 105-2. Volume I. This manual 
deals with the communications policies and 
responsibilities of AWS units. As an observer 
you need to be tamJIiar^th weather message 
description and content. This vqlunrie provides 
some of this information. For example, you can 
use this volume to break down the message 
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heading of any weather collection transmitted 
over AFCS circuits. Symbolically, every 
weather message has a heading of •TTAA(i)C- 
CCC(K)YYGagg." 

6-3, The first two letters, 'TT," refer to the 
type of data. Table 1 3 is a partial listing of data 
designators which identify the type of weather 
data for any message. For example a *TT" of SI 
identifies surface synoptic (land 'or ship) data 
for intermediate hours. -FT" indicates terminal 
forecast data. 

TABLE 14 





GEOGRAPHICAL DESIGNATORS 


AA 


\ntarct:ca 


BH 


British Honduras 


AB 


Albania 


BK 


Banks Island 


AC 


Atci'.c Region 


B.M 


Burma 


AD' 


Aaen 


BN 


Bonai;^ 


AT 


AiriO. 


BO^ 


Bolivia 


AG 


Argentina 


BQ 


Baltic Sea Area ^ 


AI 


AscensioO Island 


BR 


Bardados 


AJ 


Austral Islands 


BS 


Bering Sea 


AK 


AlAik* 


BU^ 


Bulgaria 


AL 


Algeria 


B.X 


Belgium, Loxemoourg 


*AM 


Mxd-Atlanuc 


BY 


Byelorussian i. 5, R. 


AN 


Angola 






AO 


West Africa 


CA 


Caribbean 


AR 


Arabian Sea 


CB 


Congo (Leopold VI lie) 


AS' 


As*a 


CC 


Curacao 


AT 


Antigua 


^ CE 


Central /\irican Republic 


AU 


Australia 


CF 


Congo {Brazzaville) 


\Z 


Azores 


CH 


Chile 






CI 


China 


BA 


Bahamas 


CL 


Ceylon 


BB 


Bay of Bengal 


CM 


Cayman Islands 


BC 


Oechuanaiand 


CN 


Canada 


BO 


Basut'^l'tnO 


CO 


Colomoia 


BE 


Bermuda 


CR 


Canary Islands 


BG 


British Cvtiana 


cs 


CD9:a Pica 



^ Only approved for USAF use. 

6-4. Symbolically, the next two digits of a 
weather message heading (AA) refer to the 
geographical location of the message. You are 
not expected to know each geographical 
designator, but you should be able to recognize- 
^some of the designators for countries that play 
an important role in the worldwide exchange of 
weather data. Table 14 shows a partial listing of 
the geographical designators. Familiarize your- 
self with the designators used by your station. 

6-5. Some weather message headings contain 
a number following the data and geographical 
designators. This number is included with the 
message heading for at least three different 
reasons. 

• To distinguish between two or more 
messages of similar content from the same 
geographical area. (First message, no number; 
second message. I; third message, 3; etc.) 

• TjO indicate the height level and sections 
of analysis or prognostic facsimile charts (3 for 
300 mb, 5 for 500 mb). 

• To indicate height levels, periods' of 
validity, and sections of upper air prognosis 



messages (1*12 hours, 2-24 hours; in in* 
crcmcnis of 12 hours). # 

6-6. The next main part of the weather . 
jnessage heading is the location indicator of the 
station originating the message (CCCC). The 
important thing to rcjnember about this group 
is that although the identifier is usually^ from 
th? same geographical area that the message 
content is for^ it dbe$ hot necessarily have to 
be. For inMance, a cOlkction that is compiled 
for transmission in Japan contains the location 
identifier of the center in Japan that prepared 
the message, rather than the actual geographical 
source of the data. This location identifier is 
based on the International Civil Aviation 
Organization (ICAO) listing of com- 
munications centers. For example, the ICAO 
identifier for Hickam AFB, Hawaii, would be 
*!kHlK." In some cases Department of Defense 
agencies, such as AWS, relay this data using cir- 
^cuit nomenclature in place of the standard 
ICAO identifier. This is because of the cross 
relay of weather data from other WMD sources. 

6-7. The last part of the weather message 
heading provides the time data (YYGGgg). 
Thi^ group is always expressed with reference 
to Greenwich Mean Time (GMT). The lime 
reported for ^^ach category of data is shown 
bcl^wj. 

* ObserViations— Scheduled time of the ob- 
servation, t 

# \ Spccial^Actual observation time. 

Analysis ahd prognoses— Time of the data 
used to deriye analysis or prognosis. 

4 Correctddf (COR) messages— Time of 
original message. 

• Variable reports such as PIREPs or amen- 
'^^^^^^^u^'^^^^'^^ time of message 

pffeparation/'^^ 

y.?. AWSM. 105-2, Volume I, also 
prescribes the procedures for the withdrawal of 
wtathcr messages and the issuance of no coji- 
tent iifadicators (NCIs). Weather messages that 
have lost their operational value because of 
tinric decay should be withdrawn from the ne^- 
worTc. This task* of ^.withdrawing messages is 
usually restricted to AWS personnel working at 
a communications center; however, knowledge 
of withdrawal procedures will aid you if you 
have to explain why a certain bulletin was nevist*' 
transmitted. An example of some reasons that 
bulletins may be withdrawn are: 

• Messages have been supersj:ded ^by latej;^ 
data of the same content. 

V • Messages are outdated 24 hours or more 
and have not previously been withdrawn. 

6-9. Requests for data that has previously 
been withdrawn are honored when: 



• The requesting agency is a forecast center 
. or central; 

• The request is in the urgent or immediate 
category. 

6-10. 'Any person who is responsibly for 
preparing, meteorological messages for tran- 
smission by the USAF weather communications 
network must issue the appropriate NCI when 
the message is unavailable at the app6inted 
transmission time. AWS permits the use of only 
one NCI p^r message, and limits usage to one of 
the following types of NCls: 
NIL— Message available, but not 
ready for transmission. Requires NTD 
message to follow. 
NOD AT— Message is not available 
at the station of origin because of a malfun- 
ction pf the originator's method of 
receiving the message. Requires the 
originator to take action through alternate 
sources to obtain this message. 
NONE— Message not i available for 
transmission based upon facts known by 
the originato^: 
PLAIN LANGUAGE— Authorized for 
use only when considered important to 
usfng agencies (e.g., COMPUTER 
MALFUNCTION. ESTIMATED DOWN 
T1M&-5 HRS.) 

This is only a sample of some NCls. If you are 
assigned to a weather communications center, 
your involvement in issuing NCls will be a 
routine task. Now we'll examine the contents of 
AWSM 105-2, Volume 11. 

6-1 1. AWSM 105-2, Volume II. Volume 11 
contains "a weather message category for 
weather messages and facsimile charts for the 
continental United States (CONUS), Caribbean, 
North Atlantic, Canada, Bermuda, Azores, 
South America, and adjacent waters. Because 
the same procedure of cataloging messages is 
used for each area of the world, you need only 
know the geographical boundaries of remaining 
AWSM volumes (IV, V, and VI). 

Voiunxe ^ftta 

IV Europe. Africa. Wesiern Asia and L;SSR (to 
90* E.). Near and Middle ^ast and adjacenl 
waters. 

V Alaska and Aleutian Islands and Adjacent 
waters. 

Vi Pacitlc Ocean area. Australia. Eastern Asia, 

and USSR (to 90* E.). 

Vo4ume 11 contains a separate 
alphabetical listing of weather messages 
(teletype ind computer) and facsimile messages. 
This means that each weather message heading 



can be located alphabetically. Volume II. 
although it has certain geographical boun- 
daries, list any bulletin, regardless of location, 
that is relayed on any circuit listed in Volume 
Jl. The following is an example 6f a bulletin in 
AWSM 105-2. Vol. 11, 



structiuns for the collection and distribution of 
weather message traffic throughout the weather 
communications network and associated 
facilities. Knowledge of these policies should 
give you the background information you need 
at a weather station. For example, if you are 



UHJP RJTD 4C;R MH) 

PART C OF PILOT/RAWIN REPORTS FROM JAP-\N ASD THE PACIFIC 



47401 WAKKANAI 
412 SAPPORO 
420 NEMURO 
,^82 AKITA 
590 SENDAI 

- 600 W'AJIMA 
604 MIIGATA (|) 



47624 MAEBASHI (I) 
646 TATENO- 
650 KAMEYA\I \ (1) 
655.0MAEZAK1 (1) 
678 HACHIJOJivrA 
744 YONAGO 
778 SHIONOMISAKI 
772 OSAKA 
DTG OOOOZ PE6H FT 0354Z PE6H 
CODE FM 32C and FM 3,1C 
REMARKS COMPfLED BY THE JM \ 

(1) AVBL OOOOZ ONLY 

(2) AVBL DURING THE SUMMER SEA,SON ONLY 



47X07 KUJUOK^ 
827 KAGOSHIMA 
8^>8 SHIMZU ASHIZURI (i) 
V()9 NAZb 

945 MINAMIOAG XRIJIM A 
684 YPKKJ\|CHI (l> 
4VT SHIP TAVG0(2) 
918 ISHIGAKIJIMA 



607000401 

60700050! 

607000502 

607000503 

607000504 

607000505 

607(H)()5()6 

607000507 

607000508 

607000509 

607000601 

607000701 

60700801 

607000802 

6070080.1 
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This exa_mple shows the type of information 
provided on each message. The example (UJFP 
RJTD) lists all the necessary information con- 
cerning the message except for the actual 
transmission time, \yhich is a responsibility of 
AFCS. The data "4GR 300" tells you that the 
collection is transmitted four times a day (4) 
and contains a group count as high as 300 
groups (5-digit groups). The plam language 
data lists the type of data, beneath which each 
reporting station is listed. The date-time group 
(OOOOZ) is placed near the bottom of the 
collection and is followed by the frequency of 
transmission (plus each 6 hours). The file time 
(FT). 0354Z. is followed by the frequency, 
PE6H. The last elements of the message 
description show the type meteorological code 
used (FM 32C and 33C) and additional 
remarks. The numbers at the right-hand side of 
the message are used primarily by AFCS per^-^ 
sonnel who monitor the relay of weather data. 
As you can see from the example weather 
rnes$age, the message content is easy to 'in- 
terpret. Now that you haVe completeci the stady 
of AWS nianuals, let's turn our attention to Air 
Force Communications Service Regulations 
(AFCSR) to see how they influence your job as 
an observer, 

6*13. The responsibility of AFCiS personnel 
who operate communications networks is to 
provide communic^ions services for AWS in 
support of their global mission and other DOD 
agencies as required. Basicall. the responsibility 
of AFCS in weather communications is to 
publish and maintain detailed communications 
instructions and operating schedules. 

6-14. AFCSR 105^2, Volume /. This 
regulation outlines general policies and in- 



assigncd at/ detachment level, AFCS personnel 
do not operate your communications facilities. 
For this reason you must understand the 
policies described in this manual. 

6-15. To fully understand general operating 
procedures of the network, as outlined in 
Volume I, you should first recall the charac- 
teristics of the following types of circuits 
Multiplex Circuit — Capable of sending 
more than one message over one line or 
channel at the same time. 
Duplex Circuit — Capable of sending 

and receiving, but not at the'same time. 
Half- Duplex Circuit — Capable of 
sending and receiving, but not at the same 
time.' ■ 

Point-io-Poini Circuit — Between two 

fixed, points. 
Multipoint* Circuit — Circuit shared by 

twp or more stations. ; 

6-16. Net control statiolfrs" (NCSs) are 
assigned for all point-to-point and multipoint 
full-period weather circuits. The NCS respon- 
sibilities are listed below. 

• Enforce circuit discipline. 

• Insure that other stations in the network 
comply with ^established communications 
procedures. 

• Release circuits to long-line and main- 
tenance agencies for circuit lineup. 

• Conduct scheduled sequence collective 
and scheduled SCANs. 

in keeping with these responsibilities, the net 
control stations communicate directly with 
each station when they detect operational 
troubles. YoOr concern in this area, of course, 
is to maintain good circuit discipline and to in- 
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sure that you are familiar with the proper ac- 
tions to lake if you are contacted py the NCS 
station. 

6-17. Because the primary responsibility of 
net control stations is to keep the network 
operating smoothly, network personnel do not 
have the time to detect every minor discrepancy 
that is made by reporting stations. For this 
reason a monitor station is assigned for each 
multipoint collective, radio teletype broadcast, 
and facsimile circuit. The monitor station in- 
sures that circuits are operated in accordance 
^ith prescribed procedures and schedules. The 
monitor station formally reports discrepancies 
through administrative channels to the 
operating agency for revicW and corrective ac- 
tion. ^ 

6-J8. Monitor stations do most of their 
evaluation after they receive either hard copy, 
type, or both, for each circuit. Experienced per- 
sonnel check these roles for discrepancies. 
They summarize these discrepancies bi-weekly 
or weekly and forward them to the agencies 
concerned. They usuall> forward discrepancies 
for reasons listed below. 

a. Missing from sequence collectives without 
valid reason. 

b. Noncompliance with circuit schedules. 
c: Transmission of garbled traftlc. 

> (i. Incorrect preparation of weather, and 
associated traffic for transmission. 

e. Unnecessary consumption of circuit time. 

/. Transmission of unauthorized data. 

)(. Failure to honor ZEE requests (request 
the following message be transmitted). 

h. All other violations, of established 
-procedures. 

6-19. Volume I of .\FCSR 105-2 also |,,is 
those agencies required to submit c Mn- 
•munications operations reports. The intent vf 
these 'communications reports is to identify 
areas of - substandard performance, to' con- 
tinually evaluate cfata related to objectives, 
standards. ar>d capabilities of all activities con- 
cerned:- to establish corrective measures or 
recommendations fqr each level of operational 
control; and lastly., .to' make interpretative com- 



ments on current or anticipated effccrs on a 
station or network basis. Weather relay stations 
are responsible for preparing detailed reporfs 
which provide sufficient data to analyze' each 
phase of their operation. Since these reports are 
usuaJly.ipTcpared by AFCS personnel you, need - 
only to examine the diata reported by the net 
control station. Net control stations prepare a 
monthly report containing the following in- 
formation. — - - 

a. Percentage of time the circuit is available 
(operational). Circuits falling below 95 percent 
efficiency require a detailed explanation of the 
cause.'^ 

b. Total number of scheduled messages 
required. 

c. Total number of messages transmitted. 

d. Percentage of scheduled* transmissions 
made on time. 

e. Percentage of scheduled transmissions 
made late and nontransmission by cause (line 
trouble, local trouble, etc.). 

/. Total number of nonvariable transmissions 
required. u-^ 

g. Total nuQiber of nonvariable tran- 
smissions actually transmitted. 

h. Total number of all type messages or 
charts transmitted. 

■ 6-20. AFCSR l05-::2. Volume 1. also 
•provides general policies on weather mcSssage 
preparation, categories of messages, general 
terms, and' facsimile operations. Volume 11 
discusses many of these policies in greater 
detail, so let s turn to this volume and examine 
its contents. 

6-21. AfCSR 105-2. Volume IL This 
volume is kept current at the weather detach- 
men^to determine the operation of your 
tel^ype or facsimile circuit within the 
geographical boundaries covered by the 
volume. In addition to providing circuit 
operation data, this volume lists weather com- 
munications policies and tasks that are essential 
for the oj)efation of each circuit. 

6-22. Jhe following is an excerpt from 
Volume 11 and shows the circuit schedule of 
operations of AFCSR 105-2. 



19 APRIL : • AFCSR 105-2. 

VOLUME 11 

COMUlNhD ClRCL'ir MANOP TOR COMET HA. 

A KWRF IS DESIGNATED AS NET CONTROL STATION FOR ALL CIRCUITS ON COMET llA. 
(U ALL TOTS INDICATE BEGINNING OF REQUIRED CQLLECTION TIMES. 

B. SCy€DULHD OPERATIONS. 
TOT MANOP HEADING ' DTG * / SOURCE GPS 

0005 ' ■ 

?tW'- !>AXX KCOF 00I5PEH P984 . 75 

PEH GENERAL SCAN . ' ' - " 
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PE6H' 


SMCA KCbr 


(XCP 0605 — J 4) 




0015—18 




PE6H 


FPUS 210 KWRF 


PE^H 


FTUS 220 KWRF 


rcoH 


FTUS 230 KWRF 


PE6H 


FTUS 240 KWRF 


PE6H • 


FTUS 250 KWRF 


PE6H 


FTUS 260 KWRF 


PE6H 


FTUS 270 KWRF 


PE6H 


FTUS 280 KWRF 


0020-29 




-PWH " - 


-GENERTSftr-SeAN^ 


\Av-r 1720 — 29) 




0035-39 




PEH 


GENERAL SCAN 



0000PE6H 


P984 


60 


(XCP4O6OO) Vv 

> 




0000PE6H 


P986 


240 


0000PE6H 


P988 


320 


0000PE6H 


, P990 


240 


0000PE6H 


P992 


280 


0000PE6H 


P978 


320 


0000PE6H 


P980 


440 


0000PE6H 


P982 


360 


0000 PE6H 


P984 


160 



6-23 The circuit shown is COMET II A. plicable portions of the changed manuals 

Notice that under the column labeled "TOT" without delay. 

JmA-^i^^"!^^^ ^ ^'"^^ P^''^"^ ^-27. Printed changes. Printed changes are 

1 ^ ^L,^^^^^^*^^^ messages tran- issued at various times throughout the year, 

smitted over COMET II A are listed in this When issued, they indicate the MANAM num- 

time period. AFCS terminology refers to bers to which the change applies, 

headings as -MAi.OP" • 6-28, Revisions. Complete volume revisions 

headings (Manual of Operations); therefore, in are issued as necessary. When issued, they in- 

tnis volume we also will use this terminology. dicate the MANAM numbers that are affected 

I ne excerpt also shows the date-time group and by the revision 

frequency of transmission under "DTG," the 6-29. Posting changes. When posting 

"i:nnprp'^^^^^ changes, be sure you know the proper 

fGPS) number of groups procedures. The procedures for posting changes 

*s contained in AFR 5-31, Pubiications 

6-24. As an observer, you will find Volume Libraries and Operational Publications Sets, 

II of AFCSR 102-5 an absolute necessity for Howevar, more th^Jikely your chief observer 
the proper communications procedures. In ad- will show ><ru-the proper posting methods ^s 
dition to knowing where to find the procedures " . pan of your OJT (on-the-job-training). But he 
relative to weather communications, you must depend on you. to locate the changed .areas 
should know how to maintain these com- carefully and make the chlanges accurately. Be 
munications manuals and regulations. ^. sure^ you have th? right volume before you 

6-25. Maintaining Manuals and • <:hange or delete anything. In addition to 

Regulations. Maintaining these publications knowing the types of circuits, their use, and 

properly is very important. , If your com- maintain the appropriate volumes, you 

munications manuals are not current and "^"^^ know the 'proper procedures for tape 

readable, they are of no value to you'or anyone preparation. Your communications manuals 

who wisTt^s to use them for reference. ^'^o contain the latest methods an weather 

Therefore, we should consider the types of preparation. 

changes you are likery to, encounter. ' ^6-30. Tape Preparation, The com-. 

6-26. MANAMS. Manual amendments/^ munications effectiveness of your station 

issued by message, for AWSM 1 05 --2, Volumes depends on correct tape preparation. To con- 

I and II, and AFCSR 105-2, Volumes I, 11, sider tape preparation for weather messages in 



IV, V ami Vi. Amendments are numbered 
chronologically l^inning with number one for 
the first MANAM rssued^ at the beginning of 
each calendar year. When possible, amend- 
ments are limited to routine change&4hat affect 
operations and those necessary to maintain 
communications continuity. The effective date^s 
Of these amendments normally allow vSWather 
relays and editing centers at least three work- 
days advance notice. Upon receipt, you should 
review MANAMs for changes which affect. any 
circuits in your operation. If the MANAM can- 
tains changes for your operation, post the ap- 



the fullest sense, we must include policies for 
single station entry, multiple station entry, Pi- 
time and T-time operations. Some tape 
preparation policies are standard policies that 
apply to all weather messages*ffnd are discussed 
from that viewpoint. 

6-3 1 . Your responsibility toward preparing a 
tape consists of typing the text plus a leader and 
a tail. The leader describes the tape portion 
before the text and the tail is the .section 
following ^the text. Your station's code 
generator autorhatically generates the start of 
the message (SOM) and end of message (EOM) 
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codeSt Station idcniificaiion is pan of the SOM. 
Tape leaders for all messages, except where 
noted ottiVrwise, consist of*io LETTERS. Tape 
tail mustS:ontaia.7^LETfMRS* The length of 
the leafier Insures *proper tape positioning in 
the transmitter. The tail length insures that the 
last character of the text will passihe sensing 
pins in the transmitter. At present, tne only ex-' 
ception to these standard tape functions is the- 
•EOM function for PLATF and TAF codes. 
With these codes the EOM functions are 2 line' 
feeds and then the 7 LETTERS. This exception 
provides ;he user- with a separation point bet- 
ween each report, theregy permitting the. user to 
tear them into individual strips for filing. 

6-32. 'Two rules apply to the taxt por.tion of 
your tape preparation. First, no single line of 
the text should contain more' than 69 charac- 
ters. This total includes spaces. Second, if the 
text must occupy more than one line, indent the 
second and succeeding lines by four spaces, 
The indentation rule, however, does not apply 
to reports of pib'al. rawinsonde, recon- 
naissance, and rochetsonde observations. 

6-33. In an earlier paragraph we mentioned 
H-time operations. This refers to the tran- 
smission of weather on ADCAD (Airways Data 
Collection and Dissemination). Tape 
preparation for H-time operation follows the 
* rales outlined above for single station entry 
whether single or njultiple line te^t. When you 
must include another station's report with your 
own (multiple station entry), prepare a singte 
tape. The text for the other station follows your 
own text on a separate line. Include the other 
station's identification before its message, but 
. do not indent it four spaces. Indent the other 
station*s text only if it is multiple line. These 
tape prep rn'^-.^n methijds c >nclude *he rules 
for H-titvj ■ , -.rations. 

6-34. ♦ pe'-ations i^iring T^t. 'J n de the 
transmission of routine ci:*'. ' w eather 
(RTD), correction messages O "^z. And oh- 
ser^iations such as PlREPs. RAREPs, :ind 
TAFORs. Sjnce an RTD or COR message" is an 
unscheduled transmission, your tape.needs ap 
identification prefix to show what you arc trian- 
smitting and the time rcnee Of the data. The 
tape leader is the same as »n H-time messages, 
but the text is preceded by the identification 
(COR\ RTD) already noted. Multiple line texts 
arc indented four spaces on second and 
* fojiowing lines. , 

6-35, One difference in T-time message tapes 
is -evident in the tail. To provide further 
separation between'T-time messages, the tail in- 
cludes 2 line feeds (LF) before the final 7 LET- 
TERS. For multipte station entry, the 2-LF 7- 
'LETTER tall follows the second station 
message. Between station texts, . the only 



separation is the 2-carriage-return' (CR) I LF 
commonly used between all multiple station en- 
tries. ■ * - 
6-36. The special colleciipns made during T- 

time such as for RA'REPs or PLATFs req^uire 
the first' station in the collective to enter ad- 
ditional identificationWjefore his message. If^ 
you are the first station, your tape indicates the 
data being collected. Let us assume,. for exam- 
ple, a callecti'on of RAREPs in which you are 
first -stafibn. The, lOrLETTER leader is 
followed by 2 CR 1 LF. Then the data iden-, 
tifier (RAREP) and . geographic location ' 
(United States) lead the printed portion of the 
message as DSUS. The weather relay center and 
date-time group complete, the identification. 
Put together, be/ore your own text begins, the / 
data identification is type^i as: 

10 LTRS (leader) 2 CR I LF 

SDUS 0 KWRF DDDDDD 2 CR I LF ^ ^ 

The symbol DDDDDD stands for the six-digit 
date-time group. All other stations following 
yours in the collective now are gathered under 
your heading. 

6-37. During a portion of T-time operation, 
the COMET H A circuits are scanned to gather 
RTD,* COR, or special messages. This type of 
scanjiing is called "general scan collections" 
The messages are unscheduled, and thus every 
station must identify its data content in a 
*MANOP headfng. MANOP headings vary wjth 

' the type "Sf data, such as SDUS (RAREP), 
UAUS (PtREP), or FTUS (FLATF). To obtain 
an exact heading for your message, consult 

, AWSM 105-2. To illustPate tape preparation, 

;i^w;e shall ignore the details of the various 
.MANOP headings, Begin your .general scan 

; tape with the familiar— 1 0/LTRS,(leader) 2 CR 
1 'LF. Next line: MANOP heading DDDDDD 
' XXX 2,CR LLF. Again .the DDDDDD ^ym-; 
bolites a date-time group. The XXX sym- 
bolizes the type of messag^iyou are sen-, 
diag— RTD, COk, SPL. - 
Now you type your text: 
TEXT 2 CR 4 LF 4 N's 2 C^R \ LF 7 LTRS. 

This is th& ending Or tail. Of course, the only 
^ .printed portion of thf tail is the NNNN (4 N's). 
Preparfe'your tapes for^tr^irismission of welither 
messages according to the above listed formats. ^ 

6-JS: During normal operation,*you should 
have no'difficulty 'making^ your scheduled tran- 
smission. However. /occasibn^ll^, your ob- 
servation is tiot transmitted: fn^this case, tran- 
smit your hourly observation as routing delayed 
weather (RTD). Traasmit this RTD observation 
during T-Time and- be sure'itjcontains the term 
••RTD" and the time of the 'observation. This . 
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time must reflect the time of the originally 
scheduled MANOR message. 

6-39. On occasion, the tape may garble while 
yoirare transmitting or perhaps you may make 
m error in preparing the tape. In either case, 
promptly prepare a correction to the tape and 
* retransmit the correct observation. This is done 
in the same manner as an RTD transmission, 
except that tlie term "COR'* is used instead of 
••RTD.** Do not correct an error in an .ob- 
servation if aiater transmitted observation ob- 
viously corrects it. For example, a transmitted 
specisfl observation that contains erroneous 
wind data need not be corrected when a later 
observation reflects the correct wind. This is an 
acceptable practice for all weather messages ex- 
cept some forecast codes, such as TAF reports. 
However, this does not mean that if you detect 
an error you can wait until the next observation 
is transmitted, thereby eliminating the need to 
send ti correction. You should initiate a corrcc- 
,tion immediately upon detection. For other 
weather data messages that are transmitted at 
your station, transmission formats should be 
piaintained near the transmitter. ^ 

6-40. Communication.N TcTm>, The 
discussion of common communications terms 
m this section is restricted to terms that \ou are 
likely to use m your operations. Considerably 
more communications terms are used at com- 
munications centers, however, you don*t use 
them in your daily operations. 

6-41. Operating signals. Aside from makmg 
all scheduled transmissions at your station, you 
must be ab[e to interpret and answer messages 
that are received directly from the net control 
station. When the COMET monitoring station. 
KWRF, detects a recurring circuit violation at 
your station. , KWRF may send your'station a' 
teletype message notifying you of this violation. 
Therefore. . you must be familiar with the 
following communications terms which are 
commonly used in these messages: ' 
ZAA — You are not observing proper circuit 
discipline. 

ZAI— Send (ZAI2, send test tape) (ZAI4. 

send traffic tape). 
ZAM — Line outage. 

ZBK— I am receiving your traffic (ZBKI, 

clear) (ZBK2, garbled). 
ZDK — Following repetition of ( ) is made 

in accordance with your request. 
ZEE — Request the following message be 

transmitted. , 
ZES— Your message has been received 
* , (1 -incomplete) (2-garbled), request 

retransmission. 
^ ZEV — Message is -^acknowledged. (Use **INT 

ZEV** when requesting an 

acknowledgment.) * 



^ZFR — Cancel transmission. 
ZLH — I am going to'triinsmit maps — (area 

— time — type). 
ZTB — I transmitter-distributor inoperative. 
ZTB — '3 tapecutter inoperative. 
ZTB — 5 printer inoperative. 
ZUE — Affirmative (yes). 
ZUB — Negative (no). 
ZUI — Your attention is invited to. 

When used as an interrogation (question), the 
above signals are to be preceded by 'iNT.** The 
signal ZEV illustrtUes the use of this prosign. 
Operating signals sa\e \aiuable circuit time by 
condensing common terms. '^AWSM 1 05 — 2. 
Volume I. has a list of frequently used 
operating signals. Memorizing the list is not 
necessary if you knowwhere to find it. 

6-42. Service interruptions. Service in- 
terruptions include equipment malfunctions, 
circuit outage, personnel or observer error 
which prevents the receipt or transmission of 
communications traffic. Whenever your com- 
munications services are interrupted on the 
COMET I and II networks, promptly notify 
your local AT&T service test center (STC). 
This minimizes the inoperative time. Also 
notify KWRF ol service interruptions; this is 
done by a TYPNO message. 

6-43. For brevity, use operating signals with 
each service message. To explain specific 
deficiencies not covered by the operating 
signals, you may use plain language. All 
TYPNO (OK) messages are transmitted over 
COMET II. Prepare them to provide the 
following data to the net control center; 

• Circuit number ot the system affected. 
Description of the interruption. 

• MANOP heading of the last message 
received prior 'to service interruption or the 
first message received after restoration of ser- 
vice. 

6-44. Transmit all TYPNO (OK) messages to 
KWRF at the first available general scan 
period. Whenever the transmit capability of 
COMET IJ is lost, you must telephone your 
message io a station \Vith a transmit capability. 
Prompt receipt of service interruption messages 
from your station allows KWRF to plan a 
method of transmitting the missed^data to your 
station when service rs restored. Do not assume 
that KWRF will announce when a programmer 
or local channel fails thereby eliminating your 
requirement to transmit a TYPNO message for 
the outage. Always initiate service interruption 
messa|es, because the trouble may be at your 
station only. Failure to notify KWRF of 
teletype outages results in delay of essential 
data that is missed during the outage period. 



6-45. It would be careless to build such a 
fine and complex communication system 
without providing at the same time a plan to 
monitor and evaluate that system. To assure 
weather 'com^munications effectiveness, a 
monitor station has been designated for the 
COMET 1 and II teletype networks. • 

6-46. Evaluation of Communications Data. 
Each weather activity on the COMET* network 
that has send capabilities is monitored daily to 
insure the continued effectiveness of the 
weather communications program. The 
monitoring activity is the weather relay center, 
KWRF, at Tinker AFB, Oklahoma. The results 
of this program are especially useful to both 
your communications operation and the 
COMET network in general. Your DETCO and 
chief observer use the discrepancy reports 
received from KWRF to improve their 
operatian, which in" turn improves the COMET 
network. 

6-47. KWRF places all teletype violations in 
one of two categories, major or minor 
discrepancies: A major violation is one that in- 
terferes with or prohibits the orderly flow of 
weather data. A minor violation is one that 
does not affect the orderly flow of traffic but 
may cause the unwarranted use of service time 
"^or otherwise i^revent efficient employment of 
the systems. The guidelines .which KWRF 
provides- for major and ritthor discrepancies 
over COMET 1 follow:- 
MAJOR ^ 

• Missing from H-time collection. 

• Failure to transmit RTD for a missed H- 
time collection. 

^ • Failure to transmit correction (COR) for 
a garbled entry ip the H-time cpllection. 

• Transmtssjon of weather data not 
authorized on COMET 1 (i.e., UAUS). 

MINOR ' . 

• Failure lo reply to service messages. 

• Unnecessary consumption of circuit time 
(extra impulses, etc.). 

• Failure to provide required machine func- 
tions. 

6-48. The COMET II circuit is also 
monitored by KWRF for teletype violations. 
The discrepancy breakdown tor COMET 11 is 
as follows: 

MAJOR 

• Missing" scTeduFedr ot)figated cottectTon 
entry. 

• Failure to- transmit RTD when ap- 
propriate. 

• Transmitting data at incorrect .time 
period. ^ • 

• .Incorrect NOTAM tape preparation. 



MII^OR^ 

• Failure to reply to service messages. 

• Unnecessary consumption of circuit time. 
< • Incorrect format. 

• Failure to provide proper machine func- 
tions. ' 

• Miscellaneous errors such as failure to 
respond to all circuits (ALCKTS) messages. 

6-49, Awarness of these violations should be 
part of your program, to improve your teletype 
transmission. Evaluation of communications 
products extends lO' the facsimile charts you 
receive as well. In this case you are the grader. 
Each AWS activity that .has a facsimile circuit 
maintains a program for evaluating the quality 
of the weather maps received. 

6-50. This program provides a record of the 
quality of atl facsimile charts received. Poor 
quality reception is thus documented and can 
be used to obtain improved maintenance or bet- 
ter equipment: As stated before, AWS per- 
sonnel grade facsimile products into three 
categories: 

Grade 3: An excellent product. 

Grade 2: A good chart; meets the minimum 
acceptable standards of legibility. 
(The chart may be out of phase and 
graded **2," provided that not more 
than 1(5 percent of the chart is 
lost.) 

Grade I: A chart that does not meet 
minimum acceptable standards of 
legibility. 

6-5 1 . The local AFCS unit.may request your 
Grade I charts for documenting *a case of poor 
line quality on low maintepance support. When 
grading a chart, use information which is of 
pica type size (' Pica Size ) for legibility. 
The desired standard for facsimije reception is 
to maintain the percent of missed and (jrade 1 
charts to not more than 3 percent. At the end of 
each day (GMT) or normal duty hours, provide 
the local .AFCS unit with a telephone report on 
the facsimile reception quality, if the unit is 
located on your base. Otherwise your report 
must be forwarded to the proper com- 
munications management office. 

6-52. Most stations have a standafrd facsimile 
grading form near the facsimile recorder for an 
observer to, grade the incoming ch^irts. In ad- 
dition to this evaluation of chart quality, at 
many, stations observers are encouraged to 
color certain facsi.mile charts before they are 
posted. Most observers find this work enjoyable 
because it gives them a chance to apply their 
knowledge of meteorology. 



6- 53, Transmission of weailior data on a 
world-wide baiis needs specialists in com- 
munications. However, t^iese communications 
specialists are not familiar with weather traffic* 
Therefore, at the communications r^lay centers 
wh^re worldwide weather traffic is routed, 
specialists from weather and communications 
fields coordinate therr effort. Our next topic 
looks into the duties of a weather editor at a 
typical relay center. Befire entering that 
discussion, assess your understanding of Sec- 
tion 6 by answering the review questions in 

^ your workbook. 

7, Weather Editing 

7- 1. Some weather observers are assigned to 
major or. minor communications relay centers 
throughout the world. These centers are 
primarily manijed by AFCS communications 
specialists who have .had little or no weather 
training. The assigned- observers serve as 

* weather editors for composing weather message^ 
bulletms. Together. AWS editors and AFCS 
specialists carry , out the mission of worldwide 
weather data acquisition anKl distribution for 
the Air Force. 

7-2. The major relay centers, called 
Automatic Digital Weather Switch (ADWS) 
Centers, accjuire large volumes of weather data 
from civil international circuits. AFGS circuits, 
and radio weather intercepts. ADWS centers 
provide data to friendly military services, AWS 
units^ and civilian international relay centers. 
An ADWS area* of responsibility usually en- 
compasses an entire continent or an exfremeiy 
Jarge land and water mass. The minor relays. 
- usually handle and monitor small amounts of 
dat^,;^ia^l^^ from military landline or 
radio^tefetype circuits and' WMO radio weather 
intercept broadcasts within their immediate 
operational area. Minor relays provide data to 
local areas AWS units and to the ADWS ser- 
vicing their relay center.. * 

^-3. The weather editor's tasks depend upon 
the type of relay to which he is asiigned.^An 
editor assigned to an ADWS is primarily a 
backup for the' weather computer, while the 
\ditor assigned to a manual editing section is 
the "comfJuter" — human variety. 

7-4, M'4^nu'al VVcather Editing. If you are 
assigned to a manual weather editing sectton. 
you soon discover that you have stepped into'an 
entirely different phase of the weather ob- 
serving career field. You need to learn com- 
munications related skilk and, at the same 
time, "become an expert Mrt all wea^ther codes 
and weather operational procedures and 
^requirements. 



7-5. The weather measuring instruments and 
FMH manuals are no longer >our working 
tools. These are replaced' by ^varioui> 
publications, such as those listed below. 

AWSM I05-2-. Volumes and II. 
. • AFCSR 105-2. Voliyiies Series. 

• World ' Meteorological Organization 
(WMO) Publications. 

• Federal AviatitMi Agency^.- Wmither — & 
Communications Publications. 

• International Civil Aeronautical 
Organization <1CA0) Documents. 

• ^AWSM 100-1, Global Weather 

Intercepts. 

However, these publication^ are only aids to 
your most valuable asset — an expert memory of 
the weather codes, weather mesjage and 
bulletin content, and operational procedures. 

7-6. Y.our primary task is to prepare weather 
messc^es and bulletins as directed and 
prescribed in AWSM 105-2, Volunn: II, tor 
.your area of resptmsibility. AFCS personnel 
transmit these edited weather bulletins to AWS 
units within your own area. At the same time, 
the bulletins ai'e senfto your associated ADWS 
center. The ADWS center further distributes 
the bulletins on high-speed, 3200 words per 
minute (WPM). circuits and on low -speed, 75 
WPM. circuits to weather units around the 
world. Any AWS, unit in tfie world needing 
weather data will havij it in minutes after if is 
transmitted by the relay center. 

7-7. The finished weather bulletins, prepared 
by the editor and distributed by the relay cen- 
ter, become the source of weather data for AWS 
operating units the world over. Regardless of 
the size of the editing section, the timely and 
tluid acquisition and distribution of weather 
data is its primary mission, 

/-8. Data sources. The weather editor 
begins his^miSSlT)n by screening weather data 
--obtain eel from 'blind. "omnidirectional world 
meterol^ogical organization (WMO) radio 
weather broadc«i6rs .as copied by AFCS per- 
sonnel. He r^icwjy. corrects, aiul compiles the 
data to meet AWS units* d.iM requirements.. 
These requirements aie furnished hy AWS 
units, he editor monitors the I'eceipt of data 
from each intercept position. The number of inr 
tercepts could vary from only one to ten or 
more positions. 

7-9. Y9U. as editor, must be familiar with 
each broadcast and its content to advise AFCS 
whenever the content changes or it becomes ap- 
parent that the wrong broadcast is being 
copied.' You need be aware of other broadcasts 
that your intercept positions could be switched 



to if the primary intercept gotfs off the air. You 
must also make a maximumyetTort to assure that 
weather data within your^ea of responsibility 
IS readily available anuin the system at all 
times. 

7-10. As the data IS received, either 
Morse Code (CW) or radiotekt>pe mode, it ap- 
pears on standard teletype equipment. You can 
obtain the hard-page copy by simply clearing or 
tearing it off of the machines. This is your job 
and most not be delegated to AFCS personnel. 
Only by this means can vou monitor the broad- 
cast positions and. as an editor: tell instantly 
when a broadcast- goes astray. AFCS operators 
can tell when a circuit is garbling, but they can- 
not identify good weather data. If you fail to 
monitor the broadcast, time may "be waster in 
receiving useless. data v\hen an alternate broad- 
cast could have been -used.- 

7-11. IntJifnept monitoring: and reporiiny. 
B> monitoring broadcasts closely, you can 
.detect changes in data content. Report 
significant data content changes of these broad- 
casts to higher headquarters. -Headquarters puts 
theie changes ot content into the global in- 
tercept manual. AWSM lOO-l: to keep it 
current. Alsa. your section initiates MANAM 
< manual amendment) action requests to AWS to 
have data added or deleted from current 
bulletins based on your monitoring ol these 
broadcasts. As >ou monitor the broadcast and 
clear the hard cop> from the machine, the next 
phase of your< job begins— message in- 
terpretation and preparation. 

7-12. Sdessa^'c interpretation. Message in- 
tcrprctaiion means identifying the type of data 
cuntairied in the message (bulletin), idcp- 
,titicaUon includes Identifying the weather 
stations ;mat ace reporting, ihe geographical 
area that the bulleti(i covers, and the time frame 
ot the bulletin. The bulletins you receive 
Stvmetimeb are garbled, incorrectly arranged or 
in a generally unsuitable condition to be in- 
terpreted by an>one but a skilled weather 
editor. Common taults in these bulletins are 
missing i>r 'garbled FM data type identifier, 
geograplncaridetitifiers. WMO block identifier, 
or station index numbers. Perhaps yoVi might 
e\en find different data types included under 
one data type heading This is, when your 
knowledge of the intercept broadcast contents 
and weather bulletin composition is put to, 
work. Kno\\ing the current ame.:the intercept 
positon of the source of data, and being 
tamiliar Aitli the broadcasts, you can identify 
most of the errors you encounter. 

7-13. Messcme preparation. Upon irt- 
terpretingi the received bulletins, you begin to 
construct the weather bulleims direeied by 



AWSM 105-2. In some cases, you can simply 
change the received heading on the hard-page 
copy to the prescribed heading and the give the 
bulletii> to the AFCS tapecutter for cutting and 
transmitting. Normally, the AWSM 105—2 

prescribed bullctins^rnusi be constructed from 

, many different messages, one line observations. 
/ forecasts, etc. Yoju assemble them Jnto 
multilined prepared messages under the 
required headings. The basic headings to use 
are varied and depend on FM data type. Some 
of these w^re explained in the first part of this 
volume. These headings a^e established by 
Headquarters AWS an4 are listed in AWSM 
_ 105-2, Volunieil. 

7-14. You must prepare your weather 
message in a clear, concise format which leaves 
no doubt in the mind of the AFCS com- 
munications specialist. His job is to cut a 
teletype tape, containing your \veather.message. 
for transmission. To prepare a message, use the 
editing symbols directed by the editing section. 
- The ecjiting symbols show where to separate 
lines of data, properly space the messages, 
divide run-iogeiher*daia groups, and generally 
"clean-up" the report so that it meets ac- 
ceptable standards. 

7-15. When you give the bulletin to AFCS 
for cutting and transmission, your primary 
editing function has be.en completed.' However, ' 
you should perform a ^followup to see if the 
message is sent out on the circuits. This saves 
time later when you try to determine why a 
message you edi^ted. and thought transmitted, 
was not received by the users. Followup action 
is a way to help AFCS personnel meet their 
Scheduled transmission times. 

7-16. Part of your job as a weather editor i5 
to monitor all USAF military weather circuits 
that pass through your relay. This function 
assures that»messages are in proper format with 
complete data contents. If you are notified by 
AFCS that a weather message has not been 
received, you must know which available 
bulletin could be used as an alternate for the 
missing data. When you give this data to AFCS 
for transmission^ identify it as an alternate 
bulletin. 

7-17. Message withdrawal. .When a circuit 
IS inoperative, the relay center cannot transmit 
. data to it. This results in a backlog, at the relay 
center, of data that would have been 5ent to the 
ciTcuii .had it^ been operating. If you are 
monitoring, the AFCS ''send" ^transmfssion) 
positions as you should be. you immediately 
become aware of a* backlog caused by a circuit 
• "outage. 'When a backlog occurs, yon issue 
"withdrawal notices" to the AFCS operators. A 
withdrawal notice simply removes obsolete or 
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superseded data from a transmit position at the 
relay center. Withdrawals prevent overloading 
circuit lime with obsolete data and allow 
maximum use of available time. The tran- 
smission of several hourly observations from 
station X. for example' to station Y. at the time 
the circuit is restored, would not do station Y 
any good. Only the latest and most current 
hourly observation is important. The same 
situation is true of all weather data. AWSM 
105 — 2. Volume !. lists withdrawal criteria for 
each data type. Table 15 is^an excerpt from the 
withdrawal criteria in AWSM 105 — 2. Volume 
• I. The table illustrates that perishable data such 
as SA (Airways Hourlies). SD (Radar Reports^, 
and FF (Flight Forecasts) afe withdrawn after I 
hour. Data is considered perishable because it 
Js replaced with newer information. or cannot 
be relied uporf beyond a short time period. " 
Notice .that Extended Forecasts (FE). Flight 
Advisories (FL), and Airep/Pirep (UA) remain * 
m the sNst^ini 3 hours. Synoptic 3 and 6 hourly 
. jSi/SM) and much of the uppeV air„data stays in 
' b hours (Rawinsonde code UJX A good rule ol 
thuml? is that when, a more current bulletin is 
rej:eived for the same data type and conrS'ming 
the same stations or reporting points as the 
bulletm already on^hand. ihcn the data with the 
>\|der date-time group can be withdrawn. ' - 

TABLE 15 
WITHDRAWAL CRITERIA 





Veath.er Traffic 


1 Hr 


F?, SD, S? 


' - 3 Hrs 


AB, 39, CJE, CU, ^ 
FN, HI, KJt, KS, 3S, 
UA 




AC, AH, AS, AV, ?3, TZy FT, 
TO, SH, SI, SM, l-C, OT, UO, 
■ UJ, W, VH, VK, Vrf 


21 Hr3 


T2, G2I0T, MAiJAX^ !:DTA« 



'X)7S: This table la ar. fxcerpt frrs AV3M IC5-2, Vol Z. It 
iS used for illustrative purposes and canr.3t ce co-jidered an 
asrarate reference* » 

, ' • ~~ 

7-18. URGENT and IMMEDIATE rtqutsts 
lor data. The editing section receives messages 

<t>^nta^mtng URGENT ^oi^-.lM MED! ATE 
reque^sis tor 'dte. requireij' bv 'the sender, to 
meet .other than, pprmal operational 
requirements. You must maintain special logs 
on these types Cfi requests to assure that all 
editors ih the section and the section supervisor 
are aware of these requests* and That maximum 
effort is exerted to ^atisy the requests. You can- 
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not question the validity of the request. Simply 
provide the requestor with' the required data* If 
the data is not available within your section, 
refer to the editing section responsible for^the 
area of concern and obtain the data. Also noii^' 
the. requestor, by message, of action you have 
taken. 

7-19. Additional duties. In addition to the 
duties mentioned* you are required to maintain 
logs and records on all bulletins originated by 
ypur section. This log shows the bulletin 
headings, date-time group, filing time, ami in- 
dividual station numbers or other identifiers 
trom alJ stations included in your bulletins. 
You should also maintain logs of bulletin 
headings of alternate data tyat you transmitted^ 
and maintain records on all URGENT or IM- 
MEDIATE requests for data, indicating the ac- 
tion taken to honor these requests. You need to 
cooperate with AFCS personnel in the .overall 
operation of-^ the , relay center. This includes 
maintaining comn^unications publications that 
contain weather co^des, radio weather intercept- 
broadcasts, station identifiers, and index num- 
bers Also* local joint-oper-ating instructions 
and radio weather intercept schedules need to 
be maintained. The weather intercept schedules 
should include acceptable alternate broadcasts 
to be copied \\ the primar> jntercept broadcast 
goes* off the air or cannot be copied. 

7-20. Automated Weather Editing. A 
weather editor assigned to an ADWS editing 
section, should be familiar with the duties of a 
manual relay center. However, only a part of 
these duties are used in editing at an automated 
relay. Following assTgnment to an ADWS, nor- 
mal ly-~yotr"receive a, computer familiarization 
course. This course introduces you to computer 
limguage, operation, and functions. CompiHer 
weather operations and program routines arc 
also explained in detait- On the job. primarily 
>ou identity and correct message formats, and 
reprocess weather information which is rejected 
by the computer. 

7-21. Weather data comes to the computer' 
from all sources — civrliari and USAF military 
circuits, radioteletype or Morse (CW) in- 
tercepts. The computer program searches rhe 
data for programmed identiiiers and routes the 
data to the appropriate code data decoder. If 
the computer recognizes the weather message as 
a bulletin requiring no reconstruction, it is 
routed straight past the decoders and tran- 
smitted automaticaffy to the' AWS users by the 
appropriate' circuit *at the, proper time. If the 
data IS used by the decoders for bulletin con- 
struction, the decoders autotnajically begin the 
same task the manual editor did — message 



preparation. Thus, the compuicr.combines both 
MESSAGE PREPARATION and IN- 
TERPRETATION. 

7-22: The. decoder checks the bulletins and 
automatically stores usable data under the 
proper bulfetin headings jn the computer for 
later transmission. Data not recognized by the 
computer is*?:ejected and sent to a moniror 
position in the editing section known as the 
'**STRAYS POSITION." Your job is to correc- 
tly identify the strays. This means identifying 
the code type» supplying a proper data type 
identifier, and reinserting the data into the 
computer. The computer routes the data, ac- 
cording to the heading /oU supplied, to tfie 
proper decoder for bulletin construction. 

7-23. Two computer programs have been 
developed to control the flow of data through 
the ADWS. These are the Master Distribution 
Library (MDL) program and the Station 
Library <STALIB) progra*m. The MDL coni- 
puter program is an AFCS development th^t 
controls the routings of all bulletins scheduled 
through your ADWS. The maintenance and ac- 
curacy of the MDL is the responsibility of the 
joint AWS— AFCS Weather Network 
Management Center <WNMC). The STALIB 
computer program is an AWS development that 
controls every individual weather station that 
reports into your ADWS. In additio.n» STALiB 
instructs the data type decoders to insert 
specific stations under prescribed bulletin 
headings. The.maintenance andiiccuracy of the 
STALIB is the responsibility of AWS personnel 
in WNMC. 

7-24.N The MDL rejects 'a bulletin if the 
message heading is not listed in the MDL. The 
STALIB rejects ^dala if the station is not listed 
in the station library. The MDL contains all 
bulletins schedulea^ into the ADWS and 
initially controlls the oulletin distribution. The • 
STALIB recognizes rnessages only from 
stations listed in the ADWS Station Library. In 
the case of MDL failures or rejects^ often the 
headings of the bulletin's are garl^ied. You can. 
upon identifying what the message heading 
should be, put the proper heading rQ.n^ the 
bulletin and reinsert U^jnto the computer. 
you did your joi> right.- the bulletin goes- on its 
merry way. The computer* however* is 'non-, 
forgiving* and if yon 'supplied the wrong 
heading, you will get t,he, message back for 
aiTOTher attempt at idenrjricalion. 

7;25. Though the*. cornputer performs sohie 
of the editor's tasks, the computer's behavior is 
arranged by the editor. To do that* the editor, 
has to learn some computer language. If a 
bulletin heading received at the ADWS is in 
fact a new bulletin (unlisted in the MDL). ydu 
can* by removing the received heading and 
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using established data, type dummy headings 
and reinsert the data for transmission. Tran- 
smission is to the Air Force Global Weather 
CentraK(AFGWC) at Offutt AFB where all 
global weather data must be routed. Personnel 
in the MDL section survey this new bulletin, 
establish its degree of reliability* put the new 
heading in the MDL with distribution to Offutt 
and th^new bulletin thus enters the system. Af- 
ter entering the system you see the bulletins 
only when it is garbIed.or transmitted under a 
wrong heading. 

7-26. Stations rejected by STALIB could be 
the result of a garbled index number or 
-ICAO/FAA identifier. If so* you must correct 
the garbled pmrt and reinsert the message under 
the apprppriate data type heading. A new 
station, i.e.* one not in the STALIB* is put un- 
der a dummy header and sent to Offutt just as is 
a new bulletin. Station Library personnel sur- 
vey the new station* and if possible* put it in the 
STALIB. At that time* it disappears from your 
•*strays** monitor. 

7-27. You are given an escape route by the 
con^puter when you cannot identify rejects. 
This escape is known as a-^'forget** routine. 
When the rejected* unidentifiable information, 
cannot be utilized or interpreted* you signal the 
computer to *:forget" that data* and. it -is 
removed from the system. 

7-28. It should be pointed out that all of the 
computer actions mentioned so far are con- 
ducted in a time frame of microseconds. You» 
the editor*, have a relatively longer time to take 
, your actions. The computer needs no time for. 
making decisions, but it allows you exactly five 
* minutes. When, a bulletin is received* the cortt-* 
puter sends you only the first several lines of 
data. Generally,, you can make your decision 
frorp these few lines. If after five minutes you 
have' not told the comput'ec wh^t to do vv1iH the 
data, the computer sends you the entire 
bulletin. Possibly this amounts to only a line or 
two more, but in most cases it will mean $everaf 
hundred lines of 'data requiring lengthy 
processing ^hy \\\e'%d'\i6x. ObviousJy. quick 
recognition of the weathep codes/and t)ultetin 
;^fCi'idiWgs permits you to deal wi,th a smaller 
bulk, of data. 

7-29. While yau'are busy monitoring strays* 
fhe computer has been making other jobs for 
you.^ Routinely* several times per hour* it sends 
you statistical readouts which i^ndicate how welK 
your ADWS has been receiving^ data by station 
block numbers and data types. These *'stats*'* as 
they are known* reveal the data^ amounts 
currently being received compared to amounts 
normally received. From the "stats** you make 
note of data amounts that arc below n,^^mal. 
Notify the original data source* by message* of 



below' normal data ampums an attempt to 
bring the receipt count back up to normal. 

7-30, M either a manual or automated relay, 
the editor acts upon URGENT and IM- 
MEDIATE requests for data. These requests 
normally require you to search the data, 
available'in the computer b^' data type. Once 
you find' the requested data, have AFCS route 
the necessary computer bulletins to the 
requestor for the required period. The com- 
puter, then^iakes over and you have honored 
the requcsPData logs must be maintained on 
special requests. Then, after computer halts or 
em^crgency shutdowns, the logged entry helps 
get the data back into the computer when ser- 
vice is restored. Although this is done 
automatically when the computer is restored to 
operation. AFCS must insert the information 
manually. As a responsible editor, if yotf check 
to insure that the data was reinserted, your 
foJIow'up^lcan eliminate a'sOurcc of error. 

7-31. An editor, must work closely with 
AFCS personnel in the overall operation of the 
ADWS. This involves keeping manuals, con- 
ducting surveys, etc. You do not have to issue 
NCIs or handle withdrawals because the com- 
puter takes care of this. Maintain a log on the 



number* of "strays" you process during your 
shift. From this log your supervisor can tell 
how the system is working and alerts him if 
your workload becomes too great. He can use 
this information in requesting .additional per- 
sonnel. You are expected to monitor new cir- 
cuits as they are brought into the ADWl When 
programs are not working properly or when 
something goes astray, you are also expected to 
notify the weather programmers. 

7-32. Understanding both the manual and 
automated relay editor's job. develops your 
uveraR commu nicationa — knuwleUge. — TtltT" 
knowledge is required to k^ep a steady flow of 
usable data to AWS units. The duties of a 
weather editor arc often frustrating, confusing. 
. and seemingly thankless. Nevertheless, thq 
fmished, edited products are utilized to: 

• Support military worldwide flying 
missions. 

• Assist iri achieving flying safety objectives. 

• Protect personnel and equipment. 

# 

7-33. To help you to recall weather editing 
functions,. refer to your workbook and answer 
the chapter review exercises for Section 7. 



X 
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CHAPTER 3 



Electronic Dat? Processing 



AS ONE of the worlds largest global weather 
facilities, Offutt AFB, Nebraska, supplies up-to- 
the-minute forecasts and analyses for. the 
Strategic Air Command, ^Tactical Air Com- 
mand, Aerospace Defense Command, Military 
Air Command, and other military elements. 
The Air Force Global Weather Center 
(AFGWC) personnel operate a computer-based 
weather report system, usiftg a complex of high- 
speed, large-capacity computers. This system is 
supported by the Automated Weather Network 
(ANV.N), which employs communications com- 
puters to speed raw data to AFGWC at the rate 
of 4500 words per minute. 

2. Raw data from thousands of reporting 
points around the world, inc ludin g aircraft, 
surface satellite/ship, upper aMMBnd rdcket- 
sonde reports, are received at^ie A»FGWC 
from the AWN. To digest this raw data and turn 
out finished automated weather products. 
AFGWC employs computers manned and 
operated by^ weather observers. The end 
product is used to provide detailed support for 
military use around the world and to local 
users within the AFGWC complex such^as the 
Severe Weather (SWX) forecast sections; Route 
Forecast Section and Computer Fliglit Plan 
Section. 

3. To provide, this worldwide weather sup- 
port, the AFGWC uses four UNIVAC 1108 
Computer Systems. Two systems are in a 
classified vault. One of t|?ese is used exclusively^ 
for classified products, but can be interchanged 
with the other when necessary. The other two 
systems, both unclassified, are used to receive 
raw data from the field. One of these un- 

„ ciassified.5ys.tems_is._ designated ^s the primary 
system, which 'enables it to receive raw data, 
process th6 data, build input tapes for the^ther 
thr^e systems, transmit finished products to the 

' field-, and produce weather products for the 
AFGWC' forecaster. The two unclassified 
systems are also interchangeable. Data from all 
over the world are received at the AFGWC. 
From the origmating stations, weather data are 
sent, via low-sgeed circuits, to Automatic 
Weather Netwprk (AWN) units at Fuchi AS, 



Japan; Clark AFB. Philippines; High Wycombe, 
England; Monterey. CA and Suitland, MD. 
From these centersV^high-speed circuits send the 
data to Carswe)l AFB, TX, and from Carswell ^ 
to Offutt where these data are put into the com- * 
puter system for processing. 

8. Processing Ran Data 

8-1. /The raw data as received are of no im- 
mediate value since the weather programs, 
wh;ch produce finished products, cannot access 
these data until they are processed and put into 
^he data base. The data base provides processed 
data for the weather programs. The capability- 
to-receive liv^ data., process the data, arid tran- 
smit finished products to recipients all over the 
world is made possible by the* Real Time 
Operating System (RTOS). This is a large and 
complicated program which must constantly be 
runnmg in the primary computer system. 
Should this program fail,*raw data input stops, 
no data can be processed and no transmission 
to the field can be made. In short. When the 
RTOS prograifc fails, computer operations in 
the AFGWC comes to a near halt until the ■ 
program is restarted or until the primary system 
is switched to a backup^system. 

' 8-2. To .help you understand data 
pi-ocessjng. we must take time to explain the 
term^^program." It is used in two ways. First, it 
is used to identify a set of instructions that tell 
tne computer what you want it to do. These 
"programs are put into the computer and serve 
as '^electronic helpers" to the operator. We ^ 
shal^cali thi§ typiJ of program a computer 
program. Secondly, the term "program'' is used 
to identify pr<Kessed weather data of a specific 
type. When a pVograni of this second type is ac- 
tivated, it "reaches" into the computer and 
**pulls out" certain data such as surface data. 
This second type program we shall caFl a 
weather production program. 

8-3. Da!n Base. Processing raw data for the 
data base is 'done by three computer programs 
called ''batches.'' Batch 0 (zero) processes and 
stores surface data. Batch 1 upper air data, and 
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Figure 8. Diil.i tliiw 



Batch 2 IS tar solar data. As raw data are 
received, the in tor mat ion is stored on one of 
the mass storage drums. When the operator 
starts a batch, immediately the iieNv raw data 
begins to be stored m a different location on 
the storage drum and will remain there in the 
data base until the ne;Ct batch. Figure 8 depicts 
the flow of data through the primary system of 
AFGWC. At the top of the chart,. where the 



data enters the sysfem, is the RTOS program. 
Further ajong the tlou. the batch computer 
programs process data lor storage in the dadi 
basif. From the data base, wea'thcr intorniaiion 
reaches the users by weather production 
programs. Each batch is mdependent and has 
no. effect pn data other than the^data tor which 
batch is designed. Surface and uf^per air batches 
are scheduled to insure that current data is 
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aVitiUhlc for scheduled \\ealher produclion 
runs. Solar batches. Batch 2. onJy produce solar 
data on a magnetic tape for transmission via the 
AWN and are scheduled to meet AWN trans- 
mission imies. 

8-4. The priniarv computer system is the 
only one which receives and processes raw 
data. Since the other three systems must also 
maintain a current data base, computer 
programs were de\iscd to extract the processed 
data from the priniary system, put the data on a 
magnetic tape, and then read these data into the 
other systems, For example, alter each Batch 0 
(upper airj has finished, a program called 
TKr'ls started.. This program puts the upper 
air data on tape. These tapes act as inputs to the 
other systems, updating their data base. 
Program names, such as SH4 and TKI. are sub- 
ject to change, but their purpose remains the 
same. 




Figure ^ Opcrai'ir control const>lc 

8-5. Projiramminj* The Computer, With tew 
exLCplions. each scheduled weather production 
program can be started with a kcy-tn on the 
operato/ control console, (see fig. 9.) A key-in 
IS simply a command givCn to the computer. 
First, however, the com pule itfcmust be instructed 
(programmed) to rtcogni7,e and respond to 
various kcv-ms. This is relerred to as putting 
' program files" m the computer or program* 
ming. These program iiles are put in the systems 
hv tapes, and once established, the computer 
operator can start the weather production 
programs at any time with a key-iir. The 
program Uks remain m the system until they 
«irc revised or deleted. It the entire system 
should maifunLtiiMi and the program fi.lcs are 
destroved. then each proiirjin tape inu«^ be^rcad 
back into the system as p^irl ol the r\:covery 
procedure. > 

8-6. For identificadoii purposes, the com- 
puter programs Jtrfpes) !irc given names. Some 
ot the names are so lengthy that only letter ab- 
breviations arc used as identification. Hun- 
sireum is the name the computer program'' 
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which puts the fifes for the scheduled weather 
production programs into the computer 
systems. Once the runsiream program tape is 
read into the systems, the console operator can 
start any weather program listed on the run- 
stream by a key-in. Runstream products are 
draw*n directly from the data base. 

8-7. The batch program puts the files into 
the computer system for solar data. To obtain 
solar data from the data base the batch program 
must be used. Starting a batch is an RTOS func- 
tion. Runstream cannot obtain the solar data. 
The console operator must "talk'' to RTOS. To 
do this he mu§t key-in 'll RTOS/' This causes 
RTOS to respond on the consode printer with 
the message. "0 RTOS -READY FOR 
MESSAGE." Now the console operator can tell 
RTOS what he wants. In this case he wants to 
start a solar batch, sp'he will key-in 0 Batch 2. 
Once the batch has started, it no longer 
depends upon RTOS. 

8-8. RFMCFP (Compulcr Flight Plan 
Program). The need to better support world- 
wide fiighls brought about the development and 
implementation of another extremely large and 
complicated program called "RFMCF,P. " This 
program produl:es computer flight plans (CFPs) 
for any part of the world. Requests for CFPs 
are sent from the originating station to a relay 
center. From the relay center the CFP is seift to 
the 1911th Communication^ Center at Offutt 
AFB. where it is automatically punched onto a 
paper tape. This paper tape is fed directly into 
the primary computer system. 

8-9. When CFP requests reach the system, a 
computer program called "MACCTL" takes 
over* MACCTL tells^ the computer what it 
wants in the fiight plans, and passes these 
requests to the RTOS, program. When the 
requests pass to RTOS. they start the RFMCFP 
program which begins producing the desired 
fiight plans. As each fiight plan is produced, it 
is automatically transmitted, through the 
1 9 1 1 ih Communications Center to the 
requestor. Norn>ally. it takes about* 30 minutes 
from the time that the CFP request is initiated 
to the time that it leaves the computer as a 
finished product. 

8-10. The RFMCFP • program must have 
RTOS running in the systen^or it simply will 
not produce and transmit tljt» fiight plans. Oc- 
casionally the RTOS program breaks down/j 
This Could be «i fault in the program (software) 
or perhaps a maohine (hardware) malfunction., 
In either case, if \he problem is not serious* \i 
may be corrected by removing RTOS from the 
system and restarting it. If the RFMC^^P 
program is running in the system andlRTOS'is 
removed, the RFMCFP program atttor\ia^Kally 
terminates. However, when RTOS is restarted. 

5"8 . . • / 
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th«. RFMCFP program in most cases picksup 
exactly where it left off. Since the RFMCFP 
program is a high priority product, it is im* 
portant to keep RTOS operating smoothly. If 
the problem cannot be corrected with a 
reasonable time (determined by the t^am chief 
and/or systems duty officer), the programming 
of the primary computer system must be per- 
formed by a backup system. 

8-11. Perhaps at t^iis point you can ap- 
preciate the importance*of ihd RTOS program. 
Even some of the weather production programs 
require RTOS, not necessarily to generate the 
product, but to transmit it. Since RTOS is the 
lifeblood of the primary computer system, let's 
examine its operation. 

8-12. First, the RTOS program files are put 
into the systeni. After that, RTOS can be 
brought to an active status with a key-in. There 
are a number of receiving devices to which 
RTOS makes it possible to transmit. , 

8-13. During initiation of the program, 
RTOS will want to know if any of these devices 
are to be "DOWNED" (not included in the 
transmission) and the following message will 
appear on the console printer. "0. Severe Weather Section. This information is 
RTOS*DEVICES TO DOWN." -The operator taped by the severe weather personnel and read 
must respond to this message before the into the priniary computer. The SWX program 
initiation process can continue. If there are any is normally started by. the severe weather per- 
devices to be downed, the operator keys in the sonnel by simply keying the program from the 
name of the device or devices and the wocd remote device, known' as KSR, in their section. 
••END." Example, a DCT2000 is to be downed. . After the severe weather dara has beerv put into' 
There are eleven DCTs throughout the the system the first part of the SWX program is 
AFGWC complex capable of receiving data cofnplete* 

from the computer system and they are labeled 8*16. The Second part of the ^^yX program 
and numbered IDl (DCT 1) through ID9 ■ is started in the samemanner as part one, with a 
{DCT 9), and 2D0 and 2D1. F6r the sake of key-in. HQwever, the second part puts together 
thjs example, the^operaior wants to down - the actual severe weather bulletins. The 
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DCTl so his response to the RTOS message 
will be "0 1 D 1 END." If there are no devices to 
be downed, the operator's response will be "0 
END." Shortly after this message is answered, 
RTOS automatically brings all devices, except 
thost that are down, up to a working status and 
prints out a status report of each device. The 
status report verifies exactly what devices are 
operating. When the status report is completed, 
the RTOS program will be fully initialed and 
normal operatioify^an begin. 

8-14. Directly connl||||g^ with RTOS is 
another computer program called real time 
relay ORTR)* This program provides an 
automatic met (meteorological) watch program. 
It carl ^ri data as the information is received in 
the computer system and automatically route 
the data to the SAC support units. Normally, 
:hese data need no processing. 

8-15. The Severe Weather (SWX) program is 
perhaps^ the must critical product trom 
AFGWCT. Data for the SWX program arc com- 
piled by forecasters in the Global Weather 
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bulletins are put on magnetic tape and traiVs- 
mitted to the field. A sample bulletin appears 
thus: ,^ 

ZC2WNCB04 I4P /638Z 

WWXX WWXX WWXX 3 KGWC ^l^bSlZ 

FL 7-9^14 

I ' THUNDERSTORMS WITH NO HAIL AND SW QUSTS 
TO LESS THAN 35 KNOTS EXPECTED IN *YOUR 
GENERAL AREA BETWEEN ffll^^Z and ^IX^^Z 

07053.*iZ OCT KGWC 
"NNNN 

As with the RFMCFP program. SW:(( could not 
run without RTOS. 



8-17. Systems Re>pon2>ibililY. So tar, our 
discussion has centered off^the primary com- 
puter system. There are four computer systems 
in AFGWC; they are numbered Systems I, 2, 3, 
and 4. A scale model of iht systems layout is 
shown in figure 10. It is unimportant for you to 
associate the location of each system shown in 
the figure with a specific number, since the 
systems are basically alike. Systems 2 and 3 are 
in the cJassified vauU; however. System 2 
produces only unclassified data. System I is 
always designated as the pcimary system. 
System 4 is^used, when necessary, as a backup 
for System I and can also run backup for 
System 2. Although all four systems are related, 
and to varying degrees mus.t rely upon each 
other, we will concentrate only on Systems I 
and 4. 



8-18. Each systep i^ssigned two numbers. 
For example. System Tis I/I, System 4 is 4/4. 
The first number is the physical system number 
and remains constant. The second numtf^ 
the logical system number. This number in 
dicates the purpose for which the sj^tem is 
reserved. The purpose can be changecM)y the 
operator with a key-in. When we speii|c of 
System I as the primary system, we refer to it as 
lo^Uql System I. These logical numbers 
become extremely important when System A[ 
must run full backup for System I because 
RTOS will not allow access to any remote 
receiv^ng devices from logical System 4. 

8-19, One very important step in moving the 
responsibility from System I to System 4 is to 
change System 4*s logical system number to I 
i>o it will appear as System 4/1 . Systems I and 4 
have identical program file's stored in their 
computers. This means that both systems arc 
citpable of running the same weather programs. 
When ijt becomes necessary to go into a full 
backup configuration, the entire System I 
responsibility is moved to System 4, which then 
becomes logical System I . The entire procedure 
for changing systems is rather lengthy and com- 
plicated. The computer operator involved in 
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the switch has a checklist of tasks which must 
b.e completed prior to the switch. The actual 
switch involves the transfer of communications 
capabilities from the former logical System I to 
the new System 1. The team chief or assistant 
team chief are the only ones authorized to 
switch systems, but must first insure that all 
items on the checklist for the systems switch 
have been properlj^ completed. Once the com- 
munications link to the new System I has been 
established, normal operations can be resumed. 
You must understand that this is a much ab- 
breviated ex^nation of an actual system 
switch. 

8-20. If it becomes necessary for System 4/4 
to partially back up System I/I, the first 
weather programs chosen to be run on System 
4/4 are those which not require live tran- 
smission, since logical^ystem 4 does not have 
Access to the receiving devices. However, 
weather programs which do require live tran- 
smission can be run on System 4. In this case, 
after the program has run, a special computer 
program called *TPEMKR" is started which 
puts the weathei> program on magnetic tape. , 
This tap^ is th^n taken to System I for trans- 
mission. Thus, with minor variation. System 4 
can back up any product on the System I 
checklist without having to change lo^cal 
system numbers. 

8-21. DevelopmenI Programs. We ^ have 
spoken of System 4 as the backup computer for 
System I. This may mislead you to believie that 
System 4 is in a near idle status except when 
required for backup. This is far from true^* Jn 
volume. System 4 produces more output than 
.^ihe other three systems combined. The weather 
production of System 4's output includes AWN 
trans)nission tapes, some. of System I tran- 
smission tapes, and weather programs which 
provide products for the System 4 high-speed 
I>rinter (HSP). These HSP products are 
distributed to forecasters in the weather central 
and special projects branch. However, much of 
S^tem 4's output is generated from the 
f^ogram development and testing phase of elec- 
tronic weather processing. 

8-22. Programs submitted for development 
or testing are referred to as ^^development 
jobs." System 4 is the primary "development*' 
system and averages over thre6 thousand 
development jobs per month. Of coursg, when 
System 4 is required for backup, .^e develop- 
ment jobs are preempted to favor operational 
weather production programs, bevelof^megit 
jobs do^oot^have program file$ in the com^T5f*2r 
system. Therefore, they must . be started by 
reading a program card deck into the 'System 
through a card reader. The program card deck 
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is delivered to the system along with a job sheet 
that identifies the programmer, the job name, 
afTd^tT!aiCaies~wh^rtret "nrag naic lape^ aie l u be - 
used. If tapes are needed, the tape librarian 
supplies the required tape from the tape library, 
delivers the program deck, magnetic tapfts. and 
job sheet to the system to be run. If no magnetjc 
tapes are required, then the program deck and 
^ job sheet are delivered directly to the system af-- 
ter being logged in. After the job is run. it is 
logged out. The output, with job sheet attached, 
and program deck are returned to the program- 
mer, and the magnetic tape is returned to the 
tape library, ^ 

9. Equl|Sment and Opcratioiis 

9-1. This section exposes to you some of the 
main items of equipment at AFGWC. A com- 
puter system uses punch cards; therefore, the 
equipment used by AFGWC is primarily punch 
card equipment. In this course we do not intend 
to outline the operating details of this equip- 
ment. We will mention only the purpose^t the 
major items and discuss the functions per- 
formed by operating personnel. 

9-2. Data Pracej»sing Equipment. Each ot 
the^four computer systems in AFGWC is a self- 
contained unit; though, as-mentToned 
previously, they do rely upon each other. For 
example/ Systems 2, 3 and' 4 need the batched • 
upper air and surface data from System I to 
maintain a current data ^base. Systeijr^ 2 
. generates forecast fields which are put on 
magnetic tape and read into the other systems. 
Systems 2 and 4 run numerous weather 
programs which pu' data on tape to be trans- 
mitted by System I . 




Figure 1 1 Servo units (tape drives) 

9-3. Each system is controlled by the 
operator control console, figure 9. From this 
console the computer operator controls the en- 
tire (unction ot the system. Systems 1 and || 
each have sev^n servo units, figure IL These 
are tape drives. Systems 2 and 3 each have six. 
On these, magnetic tapes can be read into the 




Figure M. Card reader. 

system or data can be taken fron: the computer 
and put onto a magnetic tape. A card reader, 
figure 12. enables program car<I decks to be 
read into the system. Program card decks give 
the computer instructions, but do not become 
part of the permanent program files within the 
system. Permanent program files (computer 
programs), you remember, are th| RTOS, run- 
strcam. etc. Reading the card deck is another 
way of commanding the computer to start the 
program. 
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Figure 13 Card puncher 



9-4. There is* one card puncher, figure 13. 
^available for Systems 1 and 4 which can leasily 
be changed to the system requiring cards to be 
punched. When each program has finished, jt 
produces a printed output on the system s high- 
speed printer (HSP). figure 14. Some of this 
printed output is strictly informational and of 
no value unless the pr(>grani did not run 
properly. Much of the out^^t. however, is 
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operational, such as forecast charts/ Skew*Ts. 

etc. This output is distributed, to various 

forecast sections in AFGWC. The DCT2000S 
' and KSRs mentioned earlier are the remote 

devices. The DCTsr figure 15. are. low-speed 
.printers. Most of the weathers-data putt>n tapes 

in Systems 2 and 4Jor transmission by System 1 r 

arc transmitted to the DCTs. 




Figure 14. High-speed printer (HSP) 




Figure 1 5 DCT 2000. 



9-5. The KSRs. figure i6. resexiflRSfiegular 
teletype machirres. Some are uscirVualy as 
^^receivers. Otiiers, with keyboards. Are^ble to 
^start pertain programs in System / \^ simply 
keying them in, Soijie KSRs can p\ij)ch and 
transmit paper tapes as well. Transmjlsions to 
and from these devices are madc^pos^lc only 
through the use of fhc RTO/ p/{>gram on 
logical System I. If expected /future changes 



Ciable to make 
lly, the com- 
d control each 



take place. System 4 also will 
t^cs9 transmissions. Essehti] 
poncnts mentioned opef^ 
systeiv-' • 

9-6. OpcrutwMi^' Ideally./ each computer 
system should Ce operated ny thr^c p^ppl<;: a 
console opcraton, a tape handler, and .a*printer 
operator. Members of the leim are exp^ted to 
work d\ any or all of these (^pefatior\r*auring a 
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Figure 16. KSR. 
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shift. Occasionally, only two people operate the 
computer system. 

9-7, On a shift consisting of two people, one / 
man is designated as tape handler/printer 
operator. The second Operator is designated as 
the console operator. The' primary duties of the 
console operator are monitoriiig the console 
printer, starting weather program t^ns at 
sche^duled time$, maintaining the system's 
ch^C^klist and directing the other opera'- r(s). 
"e also controls the number of programs run* 
n'ing arid active in the computer. System I nor- 
^'mally has four active programs; but. when 
necessary, this number can be increased or 
decreased by a key-in. The more programs ac- 
tive in the system, the slower each one is 
processed. One advantage of decreasing the 
number of active programs is that the 
processing of a particular high priprity^prop.ram 
can be accelerated. On the other hand, i the 
I system is running with four active^^rogram^ and 
a high priority program is scheduled, the con- 
' sole operator can, increase the active to five, 
allowing the priority program to ;start. If the ^ 
operator is allowing only four programs to be 
active and he keys-in another one, it enters a ' 
"backlog" status, and will not actually start un- 
til one of the active programs is completed. If 
he wants a program which is in backlog ^o start 
ahead of others which are backlogged. he can 
simply change the priority of that program to 
the highest available. This he also does with a 
key-in. 

9-8. A number of programs require the use 
of niagnetic tapes, either ;o exjtract data from 
the system or io read (lata in^p the system. 
When such a program stai^ts, it w/H print on the 
console printer the type df tape required and 
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indicate on which tape drive the tape is to be 
mounted. The console operator informs the 
other operator{s) which tape is required and to 
which tape drive' it is assigrtcd. The console 
operator can also terminate an> program in the 
computer. Again, does this. With a key-in. 
Normally he terminates a particular program 
. only when it is not r^inning properly. However, 
there are times when low priority weather 
programs are terminated to make roonrfor 
those with higher priorities. 

9-9. Monitoring <he console pwnter is, of- 
course, the. console operator's most critical 
duty. He must continuously be alert to messages 
Avhich require a response. These messages might 
penalin. to a program which is» not running 
properly or to a receiving device which is 
malfunctioning. Perhaps the message refers, to 
an active program requiring his special "type- 
in'* instructions. There are man> other messages 
which might appear on the console printer, any 
one of wnich. if left unanswered, could cause 
Hte entire computer system to stop. When you 
consider* the* volume uf operational weather 
data produced for worldwide dissemination, 
you can. realize the tremendous responsibility 
placed upon the AFGWC computer operators,"* 
especially the console operators. 

9-10. The tape handler mounts program 
tapes on servo units (tape drives), figure II . He 
also dismounts tapes and delivers them to other 
systems or to the tape library. The printer 
operator sorts ali printed outputs from the 
high-speed printer and delivers operational 
weather data to the forecast sections. Delivery 
Time of all prodiicts, magnetic tapes, and prin- 
ted outputs must be entered on the system's 
checklist. The' ctmsole operator uses the 
checklist, therefore, he^njers the delivery time. 
However, the printer operator musx inform him 
when each product is delivered. 

9-11. Magnetic Tape Management. Each 
magnetic tape in the AFGWC computer section 

.is mdividually numbered, logged* and filed by 
the tape librarians. Most ot the tapes are used 
by progilfammers for testing or developing new 
programs. These tapes are logged in .with the 
programmer's namc» filed nunterically in the 
tape [ibrary and remain available to the 
programmer as long as he has use for them. 

'When a tape is no t$>^er needed, the program- 
mer informs the tape librarian. That tape is 
•*purge^/' which simply means that it is retur- 
ned tpf the "work tape" status. It may then be 

,Jjsc^f in anotber developing or testing project. 
Tapes, such as RTOS and runstream programs, 
a/e filed in the individual computer s)|lems. 
Japes containing classified material are stored 
tin a separate library in the classified vault. 
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9-1*2. Careful maintenartce of magnetic tapes 
is essential to reduce tape wear. Tapes ar^ in- 
closed in. plastic cannisters when not in use. 
Since dust and dirt on a tape affect its taping 
quality, the area in which these tapes are used 
must be kept clean and duatfree. A difty tape 
ma> prevent a program from continuing be>ond 
the dirty spot in the tape. When an operator 
suspects that a tape is dirtv. he identified it aj* 
such and sends it to the librar>..ln the hbrar\ 
the dirty flape is run through a tape cleaning 
device before it is again put into the system tor 
use^ * , . 

9-13. Rough handling of magnetic tapes. 
. especiall> when they are out of'their protective 
cannister. causes crinkles or damage. Crinkled 
tape stops the program the same as a dirty tape 
would.. Blank (work) tapes, which are damaged, 
can be stripped down to a point just be>t)nd the 
damaged area and reused. Damaged program 
tapes must be remade, or a backup used if t>ne 
IS available. Dirty and/or damaged magnetic 
tapes can, and have, caused delays m scheduled 
weather production programs. To keep ^cse 
delays to a minimum, tapes must be properly 
handled and maintained. This responsibilitv 
belongs mainl> to those assigned to the tape 
library. However, all personnel who use 
magnetic tapes — computer operators and 
programmers — share some of this respon- 
sibilit]^. . v^^^ 

9-14. Supervi.sion/Quulil) Control. To 
provide up-to-the-minute weather products, 
forecasts or analyses, to AFGWC customers on 
a 24-hour basis requires a great deal of team- 
wurk and coordination. Conrpuler operatt)rs 
working with one s>btem must cunxinually be 
aware of the statj/b ot the other three systemb. 
This means being ready, at any given moment, 
to run weather progfanib which might be 
scheduled for other systems. Equipment (hard- 
ware) malfunctions must be brought im- 
mediately to the'^ attention of UNIVAC main- 
teniince personnel for repair. Program (soft- 
ware) problems must also be quickly identifiedl^ 
anji brought to the attention of the system dut> 
officer (SDO). 

9*15. AiK^ystem duty officer .(SDO) is., 
assigned Jh each^ystem's teiffti?Most SDOs are • 
commissioned^ ot0cers with programming ex- 
penence'*(al though NCQs ^\ith similar ex- 
perience are used as SDOs at times). The SDO 
provides technical assistance to the computer 
operating staff All problems concerning soft- 
ware or hardware are brought to his attention. 
Hardware probleips are logged on an ou\age 
log. Software problems, if the SDO ©an not 
correct them,\ire referred to the programmer 
responsible tor that particular program All 
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problems, of any kind ihat*causc produaion 
delays are noted in the SDO log. 

9-16. The duty team chief is responsible for 
the actual operation of the computer. He over- 
sees the proper manning of the systems and. the 
quality of the products. He must be kept in- 
formed £f the status of each system so that he 
can deaBttvhen ;ind if weather programs are to 
be tratPcrred from one system to another. 
Each team maintains the checklist for its 
system. The checklist provides the team chief 
with .a valuable management tool. It tells him 
how each system is perfornimg. whethei" the 
system is on schedule t?r behind, and where 
help from another system might be needed. It 
provides him with a list of magnetic tapes 
produced by one system and used }Sy another, 
with the times that the tapes ^\ore delivered and 
received. The checklist shows whether trans- 
mission tapes were delivered on nme. When 
necessary, by looking ahead of the completed . 
portion of 4he checklist, the team chief can 
determine how lale some scheduled weather 
product^might be and inturm customers of the 
anticipated delays. 

9-17. The assistant team chief, besides 
heljjing to manage and supervise the computers, 
performs the major quality control for the* 
development phase of the operations. He logs 
in development jobs, and when they are done, 
he checks them for comple?eness and verifies 
that the jobs were properly run. He places the^ 
completed development jobs in a bin outside 
the computer room for the programmer to pick 



up and at the same time logs out the completed 
jobs. 

9-18. The most qualified computer operator 
assigned fo a system is designated as senior 
.operator for that ^^sysiem. He spot checks 
operational weather output for completeness 
and accuracy before, it is delivered xo the users. 
He also keeps the team chief informed of all 
output abnormalities and aJfe as system coor- 
dinator to the other systems. Each team consists 
of a team chief, assistant team chief and com- 
puter operator on each system and includes one 
senior operator. 'Two teams work parallel 
shitts. one in the classified vault and one for th^ . 
unclassified systems. 

9-19. The finished products from AFGWg/ 
are evident in weather stations* throughout the. 
world. Among 'tlje more co'mmoi products*are 
the graphic bulletins, severe weather bulletins, 
and clear air turbulence (CAT) advisocies. * 
These products .alone indicate the importance 
of the Global Weathef Central. However, other 
printouts such as pressure xhange charts and 
Skew-T plots also are produced- for use in the 
forecast sections of AFGWC. In summary, the 
production of automated^ weather products , 
tailored for operational -^use by individual 
customers is the ain>,of the AFGWC. . 

9-20. You have now completed your study of 
Volume 3 and can test your grasp of the in- 
formation presented in Sections 8 and 9 by ^ 
completing tlje chapter review exercises for 
Chapter 3 in your workbook. 
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This workbook places the materials you need where you need them while you 
are* studying. In it, you will find the Study Reference Guide, the Chapter Review 
Exercises and their answers, and the Volume Review Exercise. You can easily 
compare t^tual references with chapter exercise items without flipping pages 
back and forth in your text. You will not misplace any one of th^se essential 
study materials. You wiU have a single reference pamphlet in the proper sequence 
for learning. ^ 

These devices in ^our workbook arc autoinstructional aids. They take the 
pjacc of the teacher W-ho would be directing your progress if you, were m a 
classroom. The workbook puts these self-teachers^ into one booklet. If you wilj 
foUow the study plan given in "Your Key to Career Developmerft,^' which J 
in your course packet, .you will be leading yourself by easily leanied steps tl 
itiastcry.of your text. 

If you have^ any questions whidi you cannot* answer by referring to "Your 
.Key to Career Dcvelopmeot'^^your courSe material, use ECI Form 17, "Student 
Request for Assistance,"* identify yourself and your inquiry fully and send it to 
£^3I. 

^, Keep the rest of this workbook in your files. Do not return any other part 
of it to ECI. 
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CHANGES FOR THE WORKBOOK: ' . 

Paze Chapter It^m Correction . * 

4 ' ' 1 27 • ^ I>clete and replace with new question: 

V **27, How 15 the amourfl (Ns) of a layer reported in 

METAR code for 2/8 stratus and 1/8 

o ^tratocumulus at the same level? (l-57r 

4.1 29 Change paragraph reference to (1-58). ^ 

1, 30 Change paragraph reference to (1-61). 

22 1 27 Change answer to read **Thrcc.*' 
« 
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STUDY REFERENCE GUI^ 



1. Use this Guide as a Study Aid, It emphasizes all important study areas of this volume. Use 
the Guide for review before you take the closed-book Course Examination. 

2. Use the Guide for Follow-up after you complete the Course Examination, The CE results 
will be sent to you on a postcard, which will indicate "Satisfactory" or "Unsatisfactory" complex 
tion. The card will list Guide Numbers relating to the items missed. Locate these numbers in the 
Guide and draw a line under the Guide Number, topic, and reference. Review these areas to 
insure your mastery of the course. . 



Guide, 
Numbers 



Guide Numbers 300 through 313 



Guide 
Numbers 



300 Introduction to Plotting Weather Charts; 
Surface Charts: Land Synoptic Code; 
Mandatory Groups; pages 1 -5 

301 Surface Charts: Supplemental Groups; Ship 
Synoptic Code; Airways Code; pages 5-9 

302 Surface Charts: METAR Code; Local Area 
Charts; pages 9-15 

303 Upper Air Charts: RadidSonde Code; Part A 
(Radiosonde Code); pages 15-20 

304 Upper Air Charts: Part B (Raciiosonde 
Code); ftirts C and D (Radiosonde Code); 
TEMP SHIP (Radiosonde Code); Upper 
Wind Code; pages 20-25 

305^ Upper Air Charts; Constant Pressure Charts; 
Thermodynamic Diagrams; Winds AJoft 
Chart; Hodograph Chart; pages 25-28 

306 Aire raft Codes ; pages 28-3 5 



307 Introduction to Weather Communications 
and Editing; Weather Communications 
Systems; pages 36-41 

308 Weather Data Requirements; pages 42-43 

309 Communications ManuaJ^and Procedures: 
Types of Communications Manuals and 
Regulations; AFCSR 105-2, Volume II; 
pages 43-47 

310 Communications Manuals and Procedures: 
Maintaining Manuals and Regulations; Tape 
Preparation; Communications Terms; Evalu-j^ 
ation ofCommunications Data; pages 47-51 

3 1 \ Weather Editing; pages 52-55 

312 Introduction to Electronic Data Processing; 
Processing Raw Data; pages 56-61 * 

313 Equipment and Operations; pages 61-64 
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CHAPTER REVIEW EXERCISES 
' Thefoltowing exercises are study aids. Write your answers in pencil in the space provided after each 
. exercise. Immediately after completing each set of exercise!, check your responses against the answers for 
that set. Do not submit your answers to ECI for jading. 

CHAPTER 1 

Section 1 " 

4 

igbjectives: To be able to describe the various^r/&ce weather code formats, to identify regional coding »r 
variations, and to apply this knowledge in plotting charts with adequate coverage. 

NOTE: Review exercises llthrough 14 are related to land synoptic code. 

1. Why is it necessary to plot smaller on some surface charts than others? (M, 2) 



2. What publication describes the various synoptic codes and the encoding of the individual elements? (lO) 

3. Why is it necessary to be aware of the regional variation in synoptic code? ( 14) • * 

4. In land synoptic code, how many- groups are considered mandatory? (I'-fV 

5. What dpes a'sky cover and wind group reported as ^'^71 0"_ indicate? (1^7^9;Table 1) 



6. What does the weather group "ww" reported as 19 indicate? (Ml) ' 



7 In syjnoptic code, is the pressure encoded? J 1-13) 



>8. / What does the first digit of the cloud co(|e,group (Nh) represent? (1/1 5) 



9. What is the last mandatory group for all regions? (1-18, 19) 



10, The supplementary groups basically accomplish the task pf lor addihg . 

the information ih the mandatory groups. (1-20) 



H. In the supplementary group 7RRRtS, what does the "RR" represent? (1-22) 

12. . What regions report the cloud layer group SNjChsh,? ( 1*26) it 

13. What doesHhe supplementary group "2////" represent? (1-30) , " 

♦ 

14. Within Region IV^what indicator $roup is the last coded group thai is reported? (1-36) 
NOTE: Review exercises 15 through 18 pertain to ship synojptic^code. 

15. When M^cing at synoptic code, what is your first clue that you are looking at ship synoptic code? 
(140) ^ . . ^ ^ . 



16. When plotting ship ^noptic coSe (YYGGiw), what does the group (iw) represent if it is encoded "0" 
or"r*?(Ml) 



17. What is the rnain difference between the temperature of sea data,reported in the "0" and " 1" indicator 
groups? (1-43, 44) ' ^ ' 



18. What'do the digits (EjEs) of the ice data represent? (1-45) 

NOTE: Review exerqises 19 through 21 pertain to airways code. . 

19. Basically, how many plotting models are^providedfor airways code? (1-46) 

20. What code format is generally used in the continental U.S. to plot I6<cal surface gharts? (M6, 47) 



21. What arc several items that might cause a forecaster to request a local area chart? (M8) 



NOTE: Review exercises 22 through 39 pertain to METAR<ode. 

t- 

22. When is it mandatory for a time group to be included with METAR reports? (1-50) 



23. What does a wind group of "27050" indicate? (1-51) 



24. How is the visibility data reported? (1-52) 



25. How is ninway visibility repprted? (1*53) 



26. What docs the data 95TS"indicate? (1-54) 

27r What is the maximum number of cloud layers that may be sent with one METAR report? (1-57) 

• V 

28. How many reportable cloud types. arc there in METAR code? (1-5 8) ^ V 
' - ^9.^ In what situation may two cloud types at- the same level be reported? (l-60> 

« • r * 

30,. Hqw is k temperature of -3"* C.jeported? (1.'62) „ 



31. What difference is there between METAR and SPECI reports? (lf-66) 
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. 32. How does the LASC differ fronuthe LAWC? ( 1-^8) 
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33. List four surface weather codes that cin be plotted on locally produced charts. (1.70) 
If 

34. If two pUot reports are received for the same location and report the same phenomena, what should 
bedoijf^(l*74).^ 



35. Why are pilot reports of great value to the forecaster? (1-75) ^ 



36. How are radar reports plotted on a surface map? (1-77; Fig. 3) 

X 



37. What are the three items that should be entered when plotting the significanr parts of a radar report? 
(1-77) 



38. On what chart would an observer normally plot a severe weather advisory and when? < 1.78, 79) 



39. Why is it important to know the correct chart scale when plotting severe weather advisories on locally 
prepared charts? (1-79) 

Section 2 

Objecthres: To be able to explain and decode radiosonde and upper wind codes; and to describe how constant 
pressure charts, wind aloft and hodograph charts, and Skew.T diagrams are plotted from data sources such as 
radiosonde code and upper wind code. • 

1. What is the purpose-of upper air charts? (24) * ^ *^ 

V 



2. Imp how many parts are radiosonde codes divided and how am they transmitted? (24, 5) 
-fix ' 



3. , What parts of the radiospndccpae contains the man^i^ry leveh? (2.6) p 



363 

4/ What are the standard observation times for radiosonde code? (2-7) 



' 5. Decode the following messageldentification: TT 78001 72248. (2-10-13) 



6. In which part of radiosonde code can you find surface wind data? Name the indicator for the surfabe 
level in that part. (2-14) 



7. Decode the following Part A mandatory level height groups: 

a. 85551. 

b. 701176. 
' c. 40755.' 

d. 20229. 
(2- 17, ,18) 





8. The value of "TT" indicates the temperature in whole degrees _ for appropriate 

levels. (2-23) 



9. Decode the foUowing radiosonde temperature and wind groups: 28664 07505. (2-24-28) 



10. What does 88999 mean in the tropopause section of Part A? (2-29^30) 



11. Which of the two indicators for maximum wind shows that the maximum wind level is below terminating 
* level? (2-31) • . . 

•* 

12. " How would you interpret a maximum wind section containing four groups of data?. (2-3 2) 



13. ' What is the primary difference between Part A and Part B of the radiosonde code determinins the 
levels transmitted? (2-34) " ' \ 



14. The format for Part A and Part B are identical except for what one it^m? (2-35) 



"ft 



ERIC 



15. ' If the forecaster asked you to extract the surface level data froirfa radiosonde code,report, how would 
you locate this data? (2-36) , - *^ 



16. What is the lowest pressure which may be reported as a significant level in Part 6 of the radiosonde 
code? (2-37) 



17. A radiosonde report in the U.S. reported 3 r3 13 25hhh TTTa ddfff in Part B. What data do these 
groups transmit? (2-38) « 



18. Whatkiadofdata follows the 51515 group in the radiosonde code? (2-39) 

19. What data is transmitted in the early transmission message? (240) 



20 / When the stability index is coded betw^^en 01 and 40, is the atmosphere stable or unstable (2-41) 
21. What does the additional data group 10196 mean? (242) 



22. What part of the radiosonde code contains the mandatory and significant data above. 100 mb? (244) 



23. The geographical location and station numbering of a ship station cannot be expressed by an (lliii) 
identification section. What replaces this group for a ship station? (249) - ' ^ 



24. What is meant by a Marsden Square? (2-51) ^ • _ 

25. Whatis^the-cofte nameifpr upper wind data frorrt - 

26. Upper wind data Ts' normally available how many times a day and what are these tirnes? (2-54)^ 



27. What docs the identification code of "3" in upper wind code indicate? (2-55) ^ 

28. The mandatory levels for upper wind code is the same as (2-56) 

29. If the maximum wind' in Part A for upper wind code (H^HjnHjnHn,) is encoded aS'*M400," what is the 
actual height and hyw did you arrive at this figure? (2-61, 62) 



30. When plotting constant pressure charts the darkened circle means the dewpoint depression is 
or (2-66) 



3 1 . AVhat is wrong.with this plotted wind? (2-67) 



32. What is the sequence of colors for plotting three soundings on a Skew-T? (2-69, 70)^ 

33. How should winds be plotted on the Skew-T chart? (2-74) 

34. What is the purpose of a winds aloft chart? (2-78) ^ 

35. What is a hodograph chart and what is its purpose? (2-79) 



Section 3 ^ 

Objectives: To be able to iden^y the elements of each'^aircraft code and their proper usage in the plotting 
function on local area charts. ♦ ^ 

I. What code is used for recording weather parameters cm schedulcd'weather reconnaissance flights? > 
(3.2) . ^ • ^ 
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2. Of what value, is it to be familiar with the^dentificition and time groups of RECCO codes? (3-5, 6) 

3. Decode the following portion of a RECCO code report: 97779 12304 21363 41532. (3-5-9) 

f 

4. Why is it important to check the RECCO coding instructions for the dt value? (3-10) 

5. How is a calm wind encoded for direction? (3-1 1) 



\^ 6. ^ How a>e negative temperatures encoded in the temperature and weather group (TTTuTuw)? (3-12) 
- 7. What method is^d to' determine the pressure level in the RECCO observation? (3- 1 3) 

8. When more than three layers^clouds are reported in RECCO cloud data, what is required? (3-15) 



9. What is the primary difference between the "4" and "5" indicator groups in RtCCO code'' 
(3^18-20) . 

• 10. What is the primary difference between the 6, 7, and 8 indicator groups? (3-22-30) 



1 1 . When would use of the^abbreviated RECCO plotting model be most appropriate? (3-32) . 

12. Why is it imperative to use the precise coding fornjat for COMBAR reports? (3-33) 

13. What form is used to record COMBAR code? (3-36) 



14. What is the main difference in the coding instructions foj latitude and longitude in COMBAR reports 
as compared to other aircraft ffeports^^uch as RECCO code? (3-37) 



15. What would an aircraft height reported as **175" in COMBAR code actbally represent? (3-38) 



16. , How would a temperature of + 10'' C. be reported in COMBAR code? (309) 



17. What does^the letter idenlifier prefixing wind data in COMBAR reports indfcfte? (3-40) 

18. What would a-D-Value of P0150 at 300-mb level indicate in a COMBAR report? (3-41) 



19. What do the following plain language groups mean in the COMBAR report? 
q, "EXi^INT" (BBBbbb). / . . 

b, GOOD (WW). 

c. CBB(NiN2N3). 
(3^2-44) 



20. When contrails arex>bserved, they are reported as *TRST" or **NPRS", what is the meaning of these 
plain language remarks? (3-46) 



21. When is aircraft heading^data reported in COMBAR reports? (347) 



22. What form is utilized by military aircraft to record AIREP code? (3-50) 



23. What information is deleted from AIREP code before transmission over teletype and Why? (3-52) 



24. On what type of chart is AIREP code usually plotted? (3-53) 
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CHAPTER 2 

Sections 4 and 5 * • ^ 

Objectives: To show a knowledge of the use of AWS, AFCS, and communications manuals and regulations in 
determming weather data availability, message content, and data sources. Further, to be able to rec^ the 
general operating procedures of the military and civilian weather communications networks and the observer's 
relationship to these, networks. Further, to be able to describe the principles involved in the worldwide 
'exchange of weather data. 

1 . ' Long-line dissemination of weather data between military weather stations is done by 



which is operJted by \5gather editors and AFCS personnel. 



(4-1) ' , V 

V 

2s^^^What are the USAF/DCS Weather Communications Networks? (4-2) 
3. What is the mission of the USAF/DCS Weather Networks? (4-3) 



4. What communications responsibilities does^AFCS have in the coUection and dissemination of military 
weather data? (44) ^ 

f • • 

5. What are two primary services COMET I provides a typical weather detachment? (4-7,8) 

6. Why are COMET II A and COMET II B considered as two independent circuits? (4-9) 

7. As an observer, how.do you use CGMET II A and B? (4-10) • / 

8. What is the primary service COMET III provides? (4-12) ' 



9. As an observer, what is your main: task in relation to the FAA weather communications? (4-15) 



10. What is the purpose of the Modernized Weather Teletypewriter Communications System (MWTCS)? 
(4-16) 
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1 1 . What type of weather data is received over Service A? (4- 1 7) 
\ 

12. What type of weather data is received over Service C? (4-18) 




36^ 




13. As an observer, what is the significance of your weather station duties to AWN? (4-19) . ^ 

^ * 

4 

14. WhcK is the "hub" of AWN located? (4-22) 

■'J 

15. What is the purt^ose of the ATN circuit? (4-24, 25) . , 

*16. What is the ol)jective of the facsimile systems? (4-26) ' • ' • 

17. Which facsimile circuit is considered the basic weather graphics network? (4-29) 

18. What facsimile circuits transmit satellite charts? (4*3 1,32) 

f »i 

19. Which facsimile is a military network? (4-33) 

ft ' 

20. How is the quality of facsimile charts evaluated by weather personnel? (4-35 , 36) 

2 1 . What are the four major categories of weather data requirements? (5 - 1 ) 

22. 'who is responsible for establishing the weather data requirements? (5-2) 



23, How many categories are there under which data requirements may be submitted and what are 

they^^^-2) ^. • / -1 
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24. If a dau request is necessary to meet norma] mission changes, which category would it be submitted 
under? (5*3) 



25, Requests for routine data are made on what form? (5-3) 



26. If a data request is needed to meet requirements generated by "no notice" exercises, which category 
would It be submitted under? (54) ^^^^c^uiy 



27. Underwhatconditionsmay the unmediate category be used? (5-5) 

28. When using the immediate category how should the request be accomplished? (5-6) 

29. Who is responsible for the overall management of the data requirements program? (5-7) 

30. How often must copies of in'dividual unit data requirements be forwarded for certification? (5-8) 



• Section 6 \^ . . 

Objectives: To show a knowledge of the use of AWS WBAN manuals and AFCS regulations in determining 
weather data availability, message conteht, and data sources. Further, to be able to describe the formats 
for tape preparation, identify operating signals, ?nd describe communications evaluatipn. 

1 . Which volume of AWSM 105-2 series applies to all units, regardless of location? (6-1) 

2. What subject does AWSM 105-2, Volume 1, deal with? (6-2) ' . 

3. What publication would you use to decode a weather message heading? (6-2-4) J 

I, 



4. How^s a weather message 'heading indicated on bulletins of similar content for the same geogf^phical 
area? (6-5) 

. ■ ■■ . / . ■ 1 

5 . What does the "ICAO" identifier in a weather ^ssage heading t^U you? (6^) 

6. Wha; IS the primary reason for the network withdtawing weather messages from the circuit? (6-8) 




7. What action should you take if you are responsible for originating a particular weather message but 
it is not ready for transmission? (6*10)'' . ' - / 



r 

•8. What does **4GR 500" mdicaie about a message found in Volume II of AWSM 105-2? (6-12) 

9. What is the meaning of the term "half-duplex circuU"? <6-l 5) j 

* ' • 

10. Who is responsible for enforcing circuit discipline on weather circuits? (6-16) 



1 1 . What type of report is prepared by a weather relay center for substandard performance of a'station? 
(6-19) • 



12. What pubUcation should you use to find the actual time a weather message is transmitted over 
COMETH? (6-21-23) 

■ .■■ : . ^ ■ 

13. Why is It so important to properlynfTaintain your jcommunicatio;is manuals and regulatibns? X6'25) 

f 

14. What is the meaning of the abbr«^viation MAt^ AM? (6-26) 

15. When posting printed changes and revisions what teUs you their currency date? (6-27,28) 

f 

. 3'Ju ■ ^ 



16. What regulation concerns the posting of changes? (6«29) 



17. What is the purpose of having 7 LETTERS as a tape tail on each weather teletype tape that you 
prepare? (6-31) 



18. What difference exists between the tape tails for H-time and T-time reports? (6-35) 



19. For a collection of RAREPs, who puts the data identifier at the beginning of the collective? (6-36) 



20. When you miss a scheduled airways observation (hourly^ transmission, what action must you taki 
(6-38) 



.1, 



21. In what case are corrections to weather messages transmitted? (6-39) 



22. \^t manual provides a list of operating signals? (641) 



23. What are some of the essential data that must be included with TYPHO(OK) messages? (643) 



24. 'What criteria does a KAWN use in determining whether a teletype violation is a major or minor 
violation? (647) 



25. If you prepare a teletype tape with SOM functions in excess of the standard 10 functions, what type 
of discrepancy would you likely receive from KAWN? (647, 48) 



26. A facsimile chart may be graded as 2 if not more than 1 

(6-50) 



.percent of the chart is lost. 
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Section 7 



Objectives! To be able to deHne temis such as message interpretation and preparation, withdrawal, alternate 
bulletin, urgent or immediate requests, strays, MDl, STALIB, STATS, and "forget" routine; further, to be . 
atble to list weather data sources and describe editing duties such as mpnitorlng and maintaining logs. 

1 . Why arcweather observers assigned as editors to major and minor communications centers? (7-1) 

2. What is tl^e.meaning of the abbreviation ADWS? (7-2) 



3. What types of weather communications circuitry provide data to an ADWS? (7-2) 



4, For whom do the mino; relays provide weather data? (7-2) 



5. What are the primary working tools for the weather editor? (7-5) 



6, What maf\ual prescribes the weather messages fo^r editing sections^ (7-6) 



7. Why is it so important for the weather editor to monitor the intercept positions? (7-10, 1 1). 



8. ^ What is meant ly^he term "message interpretation"? (7-12) 
1 . I ' 



Aat is 



is meant by the term "message preparation"? (7-13) 



^JO. What is an alternate bulletin? (7-16) 



\ 



n. What is message withdrawal? (7-17) 

V ■ ' . 

12. What are URGENT or IMMEDIATE requests for data? (7-18) 
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13. Why mu« ,p.cial loss b. m*>al„.d on URGENT „d IMMEDIATE request for d«a! (7.18). 



\ 



r 



14. - \yho maintains logs and records of alternate bulletins? (7.19) • 

15. . Wha. is the primly duly of s w.a,h« .dl,6, assig„«I ,o an sulomated .dltlng s«,Io„! (7.20) 



1 7. What is a '^strays" position? (7-22) 

18. What is the MDL? (7-23) 



19. What is the STALIB? (7-24) 



20. What is a "forget" routine? (7-27) 



2 1 . What is the purpose of a "STATS" toutipi? (7-30) 



CH^ER3 

Sections 8 and 9 , 
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2. Where is the raw data put after batch procejsses it? (8-1 , 3) 



3. What is the name of the program which processes raw data? (8-3) 

4. Since the primary computer system only can receive and processjaw data, how do the other three 
systems maintain ^^rjent data b^se?1(84) 

5] What'are "program files"? (8-5) ^ 

6. What "files** does the runstream program tape put into the computer systems? (8-6) 



7. What program must be running in the computer in order to start a batch? (8-7) 

X 

c 

8. What does the "RFMCFP** program produce? (8^) 



9. What program must be running in the computer before the RFMCFP program can produce its 
information? (8-9) 



10. If it becomes necessary to remove the RTOS^ program from the computer while' the RFMCFP program 
is running, how will the RFMCFP program be affected? (8-10) 

/ 

1 1 . Once the RTOS program tape has been read into the computer and program files established, how 
is RTOS brought to an active status? (8-12) 



12. What does the real time jelay (RTR) program do? (8-14)^ . ' 



13.. Where is this data obtained for the-Severe Weather (SWX) program? (8-15) 
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14. Part one of the SWX program puts data into the computer system. What docs part two do? (846) 



IS. Of the four computer systems in AFGWC, which one produces all classified products? (8-17) 



16. When System 4 is required to run full backput for System 1, why musfthe logical system number be 
changed to "1"? (8-18) ^ ' ' 



17. Can wekther programs which require live transmission on System 1 be run on System 4 without 
changiiig logical system numbers? (8-20) . i ■ . 



18. Since System 4ms considered the backup system for System 1 , dpes this mean that System 4 remains 
idle unta required for backup? (8-21) 



19, What computer system is used for "development jobs"? (8-22) 



20. How are development jobs started in the computer? (8-22) 



2 1 . What component controls the entire computer system? (9-3) - 

22. Which of the system's team members maintains the system's checklist? (9-7) 

23. Which duty of the console operator is considered most important? (9-9) 

24. Who has the primary responsibility of loggin^and filing magrietic tapes? (9-11) 

25. Why is<areful maintenance of magnetic tapes important? (9-12) , 



; 19 



I 



ANSWERS FOR CHAPTER REVIEW EXERCISES ^ ^^^^ 

. '^^ 

f CHAPTER 1 , , 

Section! * 

1. , It IS necessary to vary the size of your plotting because some surface jcharts cover a mucK larger area 

and are drawn on a smaller scale. If you plot large, it would obscure many stations on a small-scale 
chart. ^ ♦ ^ • ^ , 

2. The Federal Meterorological Handbook No. 2 describes" the various regi^al code, a5 weU as-coding 
of individual elements. - \ ^ ^ , 

'3. You must know the regional variations in order to conectly decode synoptic code. 

4w The first six groups are mandatory for all regions. ^ ^ 

5 . "6/8" total sky cover, wind direction 270"^, and windspeed of 1 0 knots. ■ ' 

That a funnel cloud occurred during that observation time period. ^ ' 4 

7. The pressure is encoded to the nearest tenth of a millibar. 

r ' ' ' ' 

8. The total amount of all low clouds present, or the total amount of all middle clouds when low clouds 
are not observed. 

9. The dewpoint and pressure tendency group (T^T^app) is the last mandat^ group. . ' ^ 
' 10. SupplementingrTo. I 

1 1 . Most areas of the world report the total amount of precipitation for the last 6 hours (RR) in either 
* hundreds of an inch or j;! millimeters. 

12. Regions IV and V, at designated stations in these regions. ^ 

I 

13. Precipitation occurred during the previous 24 hours, but the amount cannot be accurately 
determined. 

14. ' The "4" indicator gTQup is the last coded group that is reported. * 

15. < The synoptic code'l'or ships contain the identifier ''SHIP" or the actual name of the ship.' 

16. If the digit reported for (i^) is either **0" or "1" the winds are in meters per second rather than ' 
knots. 

V^?> temperature of sea data in the "0" indicator group is coded in half degrees Celsius, whereas the 
"1" indicator group provides the temperature of the sea to the nearest tenth of a degree^and is read * 
direct if the temperature is above 0** Celsius. 

18, The digit (E^EJ of the ice group gives the ice thickness in centimeters. 
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19. Four plotting models are provided for plotting airways code. 4 
f 20. Airways code is used aiino^t^daily at most continental U.S. weather stations for plotting local 



/ 



surface charts. 
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21. They may require a special local chart for tracking a fast moving front, a depicti^^of ceiling 
layers in the area, a -severe weather outlook, or an analysis of precipitation amounU and rate of 
mowment. 

22. When the actual report time differs from the collective time by more than 10 minutes. 

23. The mean direction and speed of tfee wind for the 10-minute period preceding the observation was 
^70** at 50 knots. 

^24. in 100-meter mcrements up to 5000 meters and lOOO-meter increments from 5000 to 9000 meters. 
25^Runway visibility is repeated in meters. 

26. It means thunderstorm is occurring at the time of the observation. 

27. ^ Three^if no cumulonimbus clouds are presenf^four if Hhey are present. 

28. There are 10 reportable cloud types in METAR code. 

29. If the lesser cloud type (amount) is cumulonimbus, it is reported separately. 

30. A temperature of minus three is reported "M03." ^ 

31 . SPECI reports differ from METAR reports by including^ time with each report and omitting the 
temperature/dewpoint and altimeter data. 

32. Thft LASC requires the use of a more complete analysis; hence it requires more plotting elements. 
^ 33 . Airways, METAR, ship synoptic, and land synoptic. 

.34. Plot the latest report. 

35. PIREPS are of great value to the forecaster because the pilot is in a position to detect severe weather 
development that has not been previously identified on radarscopes. 

36. Outline the dimensions of the radar echo area and enter the significant parts of the report within 
the outlined area. 

' 37, The reports should ij^lude the movement, size, and intensity. 

38. On a LAWC, if requested by the forecaster. 

39. To insure that the advisory is plotted at the correct location. 
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Section 2 



Upper air charts are used for forecasting loud thunderstorm acUvity, because thunderstorm ajcUvity 
IS based primarily on variances m the atmosphere. 



3^0 



2. Radiosonde code is divided into four parts. A. B. C. and D. Parts A and B are in the first transmission' 
and L and D are in the second transmission. ' 



3. 
4. 
5. 



Parts A and C are composed of mandatory levels. 

The standard times are 0000 and 1200 GMT. 

TT - Radiosonde code, Part A. ^ 
78XXX - Windspeeds reported in knots. 
. 78XXX - Sounding taken on 28th day of the month GMT. 
I XXOOX - Standard time of observation at 0000 GMT. 
V. XXXXl - Winds reported up to and including lOOmb. 
/ 72XXX - Geographical block area 72 (ynited States). 
XX248 - Station identifier (Shrcvepori, La.). 

6. Part A, indicator 99. ^ 

7. A 850 mif at- 1 55 1 meters MSL. 

b. 700 mb at 3 1 76 meters MSL. 

c. 400 mb at 7550 meters MSL."" 

d. 200 mb at 12290 meters MSL. 



0 



8. Celsius. 

9. Temperature: 28.6* C. 
Dewpoint depression: 14''. 
Wind direction: 75^ 

Wind speed: 5 (knots or meters per second according to units specified in identification section). 



No tropopause observed below 100 mb. 

77. ^ 

The first two groups represent the absolute maximum; the last two groups add a secondary 
maximum. ' 

■ ■ I- 

In Part A the number of levels are fixed (standard levels), while Part B contains as many levels as 
necessary to show the significant changes of temperature or humidity within the sounding. 

14. The exception is the wind indicator, . No winds are included in Part B; therefore, K is always 
reported as a solidiu. . . a ■> 



10. 
11. 
12. 

13. 



15. 



Surface level data can be found io two places in a radiosonde code report. It is the first standard 
isobanc level and is prefixed by a "99" indicator. It is also repeated as the first significant level but 
in this case is indicated by a "00." " 
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16. No significant levels for pressures lower than 100 mb are reported in Part B. 

17. The height, temperature, dewpoint depression, and winds forthe 250-mb level. 

18. The groups contain data in regionally adopted code form that carmot otherwise included in the 
message. 

19. The 850-, 700- and 500-mb standard levels and the stability index. 

20. « Stable. 

21 . Early transmission of 850-, 700-, 500-mb data and stability follows. 

22. All mandatory levels above 100 mb are reported in Part C, and significant levels in Part D. 

23. The identification section is replaced by the ships latitude, longitude, and Marsden Square number. 

24. h IS an area on a map with the sides represented by 10* of longitude%id 10* latitude and is used to 
identify ship position. • * ^ 

% 

25. ' The code name for upper wind data is PILOT. 

26. Upper wind dafa is normally available four times a day at OOOOZ, 0600Z, 1200Z, 1 800Z. 

27. It means the method of obtaining the wind report was with radar. 

28. Radiosonde code. ^ ^ 

29. The truetie^^can be obtained by itiultiplying the reported value by 30 (1400 X 30 = 42,000 feet). 

30. Five degrees; less. 

31 . The "X'* denoting a missing windspeed should be plotted at the end of the wind shaft. » 

32. Black, blue for 12 hours later, and red for 24 hou*d after black trace. 

33. Wind shafts and barbs should be used and they should be plotted in the same color as the sounding 
curve. 

34. A winds aloft chart is used" to depict the wind field over^a large horizontal area. 

35. A hodograph chart is a wind chart that shows the vertical distribution of winds above an observation 
point. 

i 

Section 3 

1 . RECCO code isjjscd to record weather parameters on scheduled weather reconnaissance aircraft 
flights. 
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2. These groups indicate the height units used for the report and the type of humidity data reporteck 

3. The identification group 97779 indicates radar was used for determining heights in meters; the time 
group 1230 indicates 1230 GMT time, code figure 4 at the end of time group indicates dewpoint is 
available; the report is for Monday (2); the aircraft is in the Northern Hemisphere (1) at 36.3^ N. and 
41.5'' W; turbulence value of 3; and tttfef'c flight condition value is 2. 

4. The dj value tells you whether the winds are off position. 



6. Negative temperatures are coded with "50" added to the temperature. 

•7. The value reported for "j" is a code value that is used to identify the pressure level for the observation. 

8. When more than three layers are reported, an additional "1" group is sent to report the amounts of 
the additional layers. 



9. The "5" indicator group reports surface wind direction to eight points of the compass and speed in 
Beaufort terms. It also reports information on the state of the sea and direction of the swell. The "4" 
indicator group reports wind direction and speed only. 

10. The "6" indicator group reports significant weather on or off course, whereas the "7" indicator group 
reports icing information, and the "8" indicator group reports radar echo information. 

11. The abbreviated plotting model is generally used when plotting the observations on the surface cHart. 

12. ' The slightest deviation in format prevents automatic decoding by the computers. 

13. AWS Form 81 is used to record COMBAR reports. 

14. The latitu3e and^ngitude are reported to the nearest minute in COMBAR reports, rather than to. 
the nearest tenth^^f a degree as in RECCO code. 

15. A flight level of 17^00 feet. 

16. It would be coded as "PIO." 



17. The navigational method usecj^ determine the wind data. 

18. The height of the 300-mb level is 150 feet above the standard height of the 300 mb. 

19. fl. Turbulence; extreme, intermittent.' 

b. Visibility; over 3 nautical miles. 

c. Sky cover; clear below flight levels, broken at flight level, and broken above flight level. 

20. ^ "PRST** means persistent contrails, and "NPRS*' means nonpersistent contrails. 

2 1 . Aircraft heading data is reported when clear air turbulence is reported. 



5. 



When the vm\d is calm, "00" will be coded for di: 
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22. MAC Form 193 is used to record AIREP code by military aircraft. 

V, 

23. Next position information is deleted because it contains nothing of meteorological significance. 

24. AIREP code is usually plotted on constant pressure charts. 

r 

y CHAPTER 2 

Sections 4 and*5 

1 . Automatic collection-dissemination s/stem. 

2. The USAF/DCS weather networks are comprised of the weather teletype, AWN, facsimile, and 
global intercept and broadcast networks. 

3. The mission of the USAF/DCS weather Networks is to provide communications service for Air 
Weather Service in support of their global mission and other DOD agencies. 

4. AFCS is responsible for maintaining detailed conununications instructions and operating schedules. 

5. COMET I provides a means of disseminating observations by long line from ROS. In addition to 
this, the CO^IET I receive-only termination at the weather station' pi:ovides the forecaster with a 
source of current observations. 

6. COMET II B is connected to COMET I during hourly airways collections periods ^Jt the purpose of 
relaying airways data. FoUowing this period, COMET II B becomes as independent circuit for 

the dissemination of data collected on COMET II A. , 

7. You use COMET II B to disseminate support data, such as PIREPs, RAREPs, NOTAMs, and TAF 
reports, by long-liA transmission from your station. You receive incoming operational weather 
support data over (K)MET IL 

•* ^ • » o o :^ 

8. COMET ill provi(^?^ method of receivihg operational support data such as, forecasts, upper air 
data, synoptic data. ^ * < 

9 . As an observer, my main task is to receive the.incoming bulletins from the FAA circuits and to 
file them. 

• 

10. The MWTCS consolidates the circuit control and relay functions of FAA communications 
circuits-services A , C , and 0 . 

1 1 . The Service A civilian weather circuit transmits hourly airways reports from throughout the United 
States. In addition. Service A transmits operational support data such as PIREPs, RAREPs. 

12. Service C transmits synoptic code data, upper air data, and other data coded in international weather 
\ code forms. ^ 

« 

13. As% observer, the quality of my transmitted weather messages determines the success of AWN. 
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14. 
15. 

16. 
17. 
18. 

19. 
2o\ 



Thc^"hub" of AWN is the ADWS center located at CarswdllkFB, Texas. 




22. 

23. 

24. 
25. 
26. 
27. 

28. 
29. 
30. 



The purpose of the ATN circuit is'to support the wQrldwidcfietwork of solar optical, radio and 
ionospheric observing and forecasting sites located at both civilian and military observatories. • 

« 

Th? objective of the facsimile systems is to transfer information quickly, accurately, and reliably. 
The National Facsimile Network (WFX,1234) is considered the basjc weather graphics network. 
The FOFAX GF 10206, 7, and 8 transmit selected satellite charts. / 
The Strategic Facsimile Network (AFX 109). 

Upon receipt of facsimile charts, most stations require the person who receives the chart to 
evaluate its quality. The evaluation ^le is 3, 2, and 1. (Excellent, good, and unacceptable standard.) 

The requirements fall into four major categories: 

d Meteorological data routinely available in the worldwide weather communications complex, the 
sources of which are described in the various military and civil communications publications. 

b. Meteorological productFjprepared by central/centers that do not fall in the category described above. 

c. Meteorological data and products specifically tailored to support military command/control 
systems. 

d. Meteorological packages containing weather infontiation designed for use in supporting contmgency 
oj^tations. 

AWS units are responsible for establishing and registering their weather data requirements (through 
command channels) with the appropriate AWS theatre agency. 

There are three categories for submission of di(a requirements. They are routine, urgent, and 
immediate. 



Routine. 

AWS Form 23, MANAM Action Request 
Urgent. 



est. 



The immediate category is used when the data support is required to meet tactical action or situation 
gravely affecting the national security. 

For direct support under immediatej'conditions use the most expeditious means available. ' 
AWS theater MANAM agencies are responsible within their respective areas of interest. 
Annually, pripr to IS January. ^ 



Sections 
U Vohimelof AWSM 



-2 series applies to all units regardless of location. 



27 



ERIC • 



2. AWSM 105-2, Volume I, deals with communications policies and responsibilities of AWS units. 

^ 3. -AWSM 105-2, Volume I. / 

4. By appending a number following the data designator and geographical area. 

5. The station or center which compiled the message for transmissionf. 

6. The primary reason is that messages have lost their operational value due to time decay. 

7. Transmit "NIL" and follow with an "RTD" message as soon as avaijable. , 

8. The message is transmitted four times daily and niay contain as many as 300 groups. 

9. The term "half-duplex circuit" means capable of sending and receiving but not at the same time. 

10. The network control stations (NCSs) are responsible for enforcing circuit discipline. 

■ r- 

11. A communications operations report is sent to the station poncemed. This report provides sufficient 
' data to ailalyze each phase of operation. " 

12. AFSCR 105-2, Volume n. , 

13. If your communications manuals and regulations are not current and readable, they are of no value 
to anyone for reference. 

14. The abbreviation MANAM means manual amendments. 

15. When issued, they will indicate the chronological MANAM numbers through which the change is 
^•^current. 

1 6. ' APR 5—3 1 , Publications Libraries and Operational Publications Sets. 

17. With less than 7 LETTERS, the tape does not feed through the transmitter far enough to transmit the 
entire text. If more than 7 LETTERS are used, uimecessary impulse's are transmitted.** 

18. T-time tapes have a 24^'LTR'tail; H-time tapes have just 7 LTRS. 

19. The lead station in the collective. ^. 

20. All scheduled observation transmission which yoti miss must be transmitted as routine delayed 
weather (RTD) in the first T-fime scan possible. RTDs must contain the original M ANOP heading 
time of the bulletin to which they refer. ^ 

21 . Unless a later transmitted observation corrects the element in error, you must send a corrected 
weather message. „ ^ ^ 

\ ^.^ ^'^^ " • 

22. AWSM 105-2, Volume r. . 
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23: In each TYPNO(OK) message, include the circuit number, a description of the trouble, and the 
MANOP heading of the last message that was received prior to service-interruption or the first 
message received after the restoration of service. 

24. KAWN considers any disc/epancy that interferes with the orderly flow of traffic to be a major 
violation, whereas a minor violaUoh, does not affect the orderly flow of traffic but may cause the 
unwarranted use of service time. 

25. This would result in the unnecessary consumption of circuit t$?e due to the extra impulses that 
would be transmitted before the.actual text of the message entered the transmitter. This is classifieci 

r as a mijor disaepancy by KAWN. j 

' 26. 10. 
Section 7 

1 . Weather editors are assignelto major and minor communications centers to provide the technical 
knowledge of weather operations and weather message bulletin composition. 

2. ADWS means Automatic Digital Weather Switch. 

3. • Civil international circuits, AFCS circuits, and radio weather intercepts. 

4. They provide weather dpta to AWS units in the local area and to the scryicipg ADWS center. 

5: The primarftools of a weatlier editor are civilian and military communications manuals and 
J publications/ ^ • 

6. AWSM 105-2, Volume IL 

7. Only the weather editor can identify broadcasts that have gqne astray or recognize good weather 
data. He also must note and report changes in broadcast content to higher headquarters as they 
occur. I 

8. I^essage interpretation means to identify types of data contained in a weather ifiessage, the stations 

contained in the message, and the geographical area and time frame. 

9. Message preparation is the construcUon of weather buUeUns under prescribed headings as directed 

by AWSM 105-2, Volume II. " . 

10. ^ alternate bulletin is one filed by an editing section that will serve as an acceptable substitute 
to replace a missing bulletin. 

1 1 . Message v/iJ^drawal is removal of obsolete or superceded weather data from weather circuitry. 

12. URGENT or IMMEDIATE requests for data are messages received by an editing section, from AWS 
data users, for weather data required to support other than normal operational requirements. 
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13.1 Special logs must be maintained on URGENT and IMMEDIATE request for data to assure that all 
editors and the section supervisor are aware of the requests so that maximum effort is exerted to 
satisfy the request. 

14. "Tlw weather editor. 

15. Primary duty of an editor assigned to an automated editing section is to identify and correct message 
formats, and reprocess weather information um*ecognizable the computer. 

16. Sources of data for the manual editing sections use iirweather message preparation are "blind" 
radio weather broadcasts; automatic editing sections have these broadcasts plus military and 
civilian sources of data. 

17. A "strays" position is a monitor position located in the automated editing section that receives all 
rejects from the computer. 

18. The MDL is a computer program that controls the distribution of aU buUetins scheduled through 
theADWS. 

19. The ST^IB is a computer program that controls the routing of each weather station report that 
comes into or goes out of your ADWS. 

20. A **forget" routine permits the editor to remove rejected, unidentifiable xlata that cannot be 
utilized or interpreted by the computer system. 

21 . A "STATS" routine provides a comparison between the data amounts currently being received and 
what i^jiorm'ally received. ^ 

I ■ . • • 

, ^ CHAPTER 3 y 

Sections'8 and 9 

1 . Real Time Operating System (RTOS). ^ 

2. The database. , 

3. The batch programs. 

4. A program was devised to extract batched (processed) data from the primary system, put it on 
magnetic tape and read the data into the other three systems to update their data base. 

5. "Program files" actually instruct the computer to recognize and respond to various key-in functions. 

6. Filesfor scheduled weather production programs. 

7. The RTOS program. • ^ A 

8. Computir flight plans for any part of the world desired. 
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9. pie RTOS program must be running in the computer or the RFMCFP program simply wiU not run. 
10. The RFMCFP program automatically terminates, 
,11. Withakey-in. ^ 

. 12. The (RTR) program is essentially a net watch which sorts data as it is received "in the computer and 
automatically routes it to SAC support units. 

13. Data is compiled by forecasters in the Global Weathers Sever? Weather Section. 

14. Part two of the SWX program puts together the actual severe weather bulletins that are transmitted 
to the field. 

15. System 3. ' 

16. The RTOS programs will not allow access to the remote receiving devices from logical System 4. 
1/ 17. Yes, through a special computer program called TPEMKR. 

18. No, some of its output includes AWN transmission tapes, some System 1 transmission tapes, and 
weather programs which provide products for the System 4 high-speed printer. 

19. System 4. 

20. They must be started by reading a program card deck into the system through a card reader. 

21 . The operator control console. 

22. The console operator. 

23. Monitoring the console printer. 

24. The tape librarian. 

25. Dirty and/or damaged magnetic tapes can, and have, caused delays in scheduled weather production 
programs. ' 

26. The systems duty officer (SDO) provides technical assistance to the coniputiJr operating staff. 

27. The duty team chief. 

28. The ^ysteip's checklists. 
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1.MATCH ANSWER 2. USE NUMBER 1 OR 
SHEET TO THIS NUMBER 2 PENCIL 

EXERCISE NUM- 
BER. 

25251 03 26 

EXTENSION COURSE INSTITUTE 
VOLUME REVIEW EXERaSE 

Carefully read the following: 
DO'S: 

1. Check the "course," "volume," and "form" numbers from the answer sheet 
address tab against the "VRE answer sheet identification number" in the 
righthand column of the shipping list. If numbers do not match, take action 
to return the answer sheet and the shipping list to ECI immediately with a 
note of explanation. 

2. Note that numerical sequence on answer sheet alternates across from column 
to column. , 

3. Use a medium sharp #1 or #2 black lead pencil for marking answer sheet. 

4. Circle the correct answer in this test booklet. After you are sure of your 
answers, transfer them to the answer sheet. If you have to change an answer 
on the answer sheet,' be sure that the erasure is complete. Use a clean eraser. 
But try to avoid any erasure on the answer sheet if at all possible. 

5. Take action to return entire answer sheet to ECI. 

6. Keep Volume Review Exercise booklet for review and reference. 

7. If mandatorily enrolled student, process questions or comments through your 
unit trainer or OJT supervisor. 

If voluntarily enrolled student^ send questions or comments to ECI on ECI 
Form 17. 

DON'TS: 

1. Don't use answer sheets other than one furnished specifically for each review 
exercise, 

2. Don't mark on the answer sheet except to fill in marking blocks. Double 
marks or excessive markings which overflow marking blocks will register as 
errors. t 

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet. 

4. Don't use ink or any marking other than a #1 or #2 black lead pencil. 

NOTE: TEXT PAGE REFERENCES ARE USED ON THE VOLUME 
REVIEW EXERCISE. In parenthesis after each item number on the VRE 
is the Text Page Number where the answer to that item can be located. 
, When answering the items on the VRE, refer to the Text Pages indicated 
by these Numbers. The VRE results will be sent to you on a postcard 
which will list the actual VRE items you missed. Go to the VRE booklet 
and locate the Text Page Numbers for the items missed. Go to the text and 
carefully review the areas covered by these references. Review the entire 
VRE again before you take the closed-book Course Examination. 
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* Multiple Choice 

1 . (001) What publicat\on describes the various synoptic codes and the encoding of the individual 
elpments? ' ' 

a, A^ySM 105-22. c. FMHl. 

b, -A)VSM 105-24. d. FMH2. , ' ' \ 

2, (002) The first digit (N) of the sky cover and wind group (Nddff) represents the 

i ' a. total sky cover in'oktas. ' . 

br. total sky cover in tenths. 

c, lowest layer amount of sky cover in oktas. 
; d. lowest layer amount of sky cover in tenths. * ^^^w*/"''''^ 

3, (053) If more than one weather code type occurs, which code number for 'Vw" in the "WwwW" 
code group ha§ priority over numbers 20 through 49? 

a. 15. c. 19. 

b. 17. d. 21. 

4. (003) la synoptic code, the pressure is encoded to the nearest 

, a. 1/100 of an inch. ' c. '1/10 of a millibar. 

» b. 1/lOof an inch, . ^ d. 1/100 of a millibar. . 

5, (0Q4) The first digit of the cloud code group (Nj^) in synoptic code represents the total amount of 

a. low clouds and middle clouds present only. 

b. low clouds present, if none, then the total amount of middle clouds present only. 

c. low clouds present, if none, then the total amount of middle clouds and high clouds present. 

d. low clouds, middle clotids, and high^clouds present. 

6. (005) The synoptic code supplementary group that contains a precipitation group of 237 inches is 

a. 737R TWO, c. 737RjS TWO. 

. b. 737RjS. d. 737TWa 

, 7, (005) The cloud layer group (SN^Ch^h^) in land synoptic code should be reported'by 



a. Region II. c. Regions IV and V. 

. b. Regions III and IV. ' W d. Regions V and VI. 

8. (006). The land Synoptic code group (2Rj^Rj^R2^Rj^) for Region IV th^t contain'^ a precipitation 
group oif 10.01 inches is ■■• " 

a. 21001. c. 20001 ten. 

b. 21007. d. 20101 ten. . • " 



ERIC . 



"J 



34 



1 



r * 

9^ (007) When looking at a synopUc code, wfoit is-thc/irs/ clue that indicates' that you arc looking 
"it the ship Coptic ccfde? 

a. A latitude and longitude group. 

b. A 99 group. 

c. The identifier "SHIP" or the actual ship name. 

d. The wave height ^oup. 

10. j;007:008) When plotting the ship synoptic code (YYGGi* ), the group (i^) is encoded "0" or "1 " 
ifthe w -w 

a. waves are le^ than 1 foot. 

b. winds are in meters per second. 

c. winds are in knots. 

d. winds arc mph. 

11. (008) The^p synopUc code (ITwT^Pw) group that contains the sea surface temperature of -3.1** C. 

» » 

a- 1531. ^ ^ 1003. • 

b. 1031. d. 1031 minus* 

12. (008-009) What code format is generally used in the continental United States to plot local area 
surface charts? 

a. METAR.. ' c. AIREP. 

b- Aero, • d. Airways. * 

1 3 . (009) Generally, each weather station plots a minimum of how many LASC per day (24.hour 
period)? 

.a. L , ^ ' c. 3. • 

^ b^|2. d. 6. 

14. (009) The type of chart that should be plotted during severe weather is the 

a. LASC. ^ - c. hodograph.' 

b; LAWC. V Skew-T. » 

15. (012) The main difference betweeti an LAWC and LASC chart is that an 

^ * 

a. LAWC is used for a more complete analysis than an LASC. 

b. LASCJs used for a more compete analysis than an LAWC. 

c. LAWC is used only for the severe weather program. * . 

d. LASC is used only fot analysis of radar reports. ^ 

16. (012) If two pilot reports are received for tHe same location ind the same phenomena, what plotting 
. procedure should be followed? * * ' 



a. Plot both as received. * / c. Plot the latest report only. 

b. Illustrate the second report. ^ / d. Plot the first^report only. 
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17. (015) What three items are required when plotting the significant parts oH radar report? 

a. Type, tops, and phenomena. c. Tops, movement, and type. 

b. Movement, size, and intensity. d. Intensity, type, and movement. 

18. (015) On what chart do you normally plot a severe weather advisory? 

■ a. LAWC. c. LASC. 

b. Constant pressure chart. d. Upper air chart. 

19. (016) The first transmis^on of the radiosonde code provides » 

a. Parts A and C of the radiosonde code. 

b. sounding data for raanditory leyels only. 

c. sounding data for regional distribution only. . 

d. sounding data for all levels occurring at and below 100 mb. 

20. (017) If the radiosonde balloon release is made at 1 120, what coded time would you report? 

a. 1100. c. 1150. 

b. 1120. ^ d. 1200. 

21 . (018) A characteristic of radiosonde code surface data is that the 
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- a: Part A surface indicator is 99. 

b. surface winds are found in Part B. 

c. indicator 00 indicates surfac^data only. 

d. surface pressure is reported in tens of millibars. 

22. (018) Which of the following is coded corr^tly to indicate the 850-mb standard isobaric level? 

a. 00850. • I c. 40850. 

b. 08500. ' d. 85491. . . 

23. (018^19) Refer to Table 1 1 . What tcmperafurc and dewpoint is represented by a temperature 
group (TTT DD) of 12372 when decoded from the radiosonde code? 

a. Temperature 12.3, dewpoint 72. • ' 

f b. Temperature 123, dewpoint 7.2., . ^ ^ 

c. Temperature -12.3, dewpoint 22. 

' d. Temperature -12.3, dewpoint 2.2. 

24. (019) Maximum wind is included ip Part A of a radiosonde report when it occurs at or below 

r 

a. SOOrab. * c. 100 mb. 

b, 250 mb. d. 50 mb. 

25. (020) Significant levels reported in Part B of^he radiosonde code are nor j|lected for pressures below 

a. 500mb. ' • C' 100 ""b. • 

b. 200mb. d. 50mb. 
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26. (021) In "the radiosonde code, all mandatory levels whose pressure is above 100 mb are reported in 

c. Parte. ■ \ , 

b-I^artB. d.PartD.^ ^ ^ 

27. (021) Plfun language data always follows the indicator 

a. 51515. ' c. 59999. 

b. 55555. d. 95955. 

28. (022) The location of a ship at 4'8.6' north laU'tude and 45.7° west longitude should be encoded 
in a TEMP SHIP report as ^ 

. a. 99486 70457 14985.' • c. 99457 70486 14958 

b. 99486 10457 14985. . d. 99457 10486 14958. 

29. (022) Upper wind data are ncrmally available only at which of the following times? 

a. 0300Z and 0600Z. . ^ 

b. 0300Z, 0900Z, 1200Z, 1800Z. 

c. 00002, 0600Z, i2d0Z, 1800Z. 

d. OOOOZ, 0300Z, 0600Z, 0900Z, 1200Z. 

30. (024) Mandatory levels for upper wind code are transmitted in 

a. Parts A and B. '- c. Parts C and'D. 

b. Parts A and C. d. Parts B and C. 

31. (025) If the maximum wind in Part A for upper wind code (H^H^H^H„) is encoded ai 1200, 
wha't is the actual height? 

a. 12,000 feet. c. 36,000 feet. 

b. 24,000 feet. ^ d, 48,000 feet. 

32. (025^6) The darkened circle plotted on a constant pressure chart correlates with the plot whose 
> depresqpnis ' 

a. 5° or less. c. 5° or more. 

b. 10 -or less. d. 10" or more. 

33 . (027) What color scheme shows the sequence iA which sounding should be plotted on a Skew-T 
chart? 

a. Black, blue, and red. c. Blue, red, an.d black, 

.b. Blue, black, and red. d. Red, blue, and black. 
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34. ■ (028) Which of the following aircraft codes is used to report weather parameters on nonweather 
flights? 



a. AIREP. c. RECCO. 

b. COMBAR. d. PIREP. 



35. (028) AWS aircraft using RECCO code should report when dewpoint U available by coding i„ as 

a. 0. c. 2. 

b. 1. d.4. • 

36. (029) If the true airspeed of the aircraft in RECCO code is encoded in the femarks-section, how 
would a true airspeed of 360 knots be encoded? 

a. 36. c. 360 kt. 

b. 360. d. TAS360. • 

37. (029) In RECCO code, what coded value of "j" in the group (mjHHH) represents a height of 300 mb? 

a. 3. ■ c. 5. 

b. -4. . d. 6. 

38. (030) When the radio altimeter is inoperative and "9" is encoded (RECCO code) for,"j," the "HHH" 
will be coded as 

a. ///. c. MMM. 

b. 999. d. 013. 

39. (030) In RECCO code, a wind from 270° at 164 knots is coded as 

a 27164 c. 2764 ONE. 

b. 47764! d. 27064 ONE. 

40. (03 1) The "7" indicator group in RECCO code is primarily used to report 

a. significant weather on or off course. 

b. icing information. • ■ 

c. radar echo information. 

d. the sUte of the sea swells. ♦ 

41. (032) Which of the following forms is used to record COMBAR code? 



a. AWS Form 93. ' " c. MAC Form 80. • 

b. AWS Form 81. ' d. MAC Form 65. 



42. (033) In COMBAR code, the letter designator which indicates an overcast sky cover condition is 

a. U. * * c- v.- . • 

b. O.^ d.C. . ^ 
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43. (033) WhenthcplotUngofCOMBARrepomisrcquired,the^ 

•^k. local area charts. c. land synopUcxharts. 

b. upper air charts. ship synoptic charts. 

44. (035) In_,AIREP code, the four groups that arc deleted prior to traiismission over teletype are 

a. Current-PosiUon Data. c. Midpoint InformaUon. 

b. :Next PosiUon InformaUon.- d. Current Weather DaU. 

45. (035) AIREP code is usually plotted on 

a. anLAWC. c. a Skw-T chart. 

b. an LASC. d. a constant pressure chart. 

46. (036) What system is used foHt^-line dissemination of weather data between military weather units? 

a. AutomaUc coUection^iis*eminaUon system. 

b. NaUonal Weather Service System. 

c. Federal ^viaUon Agency System. 

d. Modernized Weather Teletypewriters Communications System. 

47. (036) The mission of the USAF/DCS Weather Networks is to provide communication services for 

a. AWS only: 

b. DOD agencies only. 

c. AWS and other DOD agencies only. 

d. AWS, DOD agencies, and FAA agencies. 

48. (037) Which of the following capabilities docs not apply to COMET III? . 

a. Receives forecasts. 

b. Receives upper air data. 

c. Transmits radar reports. 

d. Receives iiynoptic code data. 

49. (038) MWTCS cdnsolidates the circuit control and relay fyncUons for Services A and C into a 
single relay center located at the 

a. Weather Message Switching Center (WMSC), Kansas City, Missouri. 

b. Automated Weather Network (AWN), Relay Center, CarsweU AFB, Texas 

c. Tinker Weather Relay Center (KWRF), Tinker AFB, Oklahoma. 

d. Fleet Numerical Weather Facility (FNWFX Monterey, California. 

50. (038) Which of theJoUowing networks is the primary circuit for collection of airways observations? 

a. Service A. • • c. Service C. 

•'•Services. , d. Service 0. 
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5 1 . (038^39) An ADWS (Automatic Digital Weather Switch) is not located in 

a, Fuchu AS, Japan. c. CarswellAFB, Texas. 

b. Qark AB, Philippines. d. NMC,Suitland, Maryland. 

52. (039) The Solar Observing and Forecasting Network Organization from ADWS at Carswell AFB, 
Texas is 

a. COMET I. c. COMET III. 

b. COMEt^ II. d. ASTRO/Geophysical Teletype Network (ATN). 

53. (040) What is the basic objective of the Weather Facsimile Networks? 

-a. Transfer information quickly, accurately, and relia6ly. 

b. Transfer information which is considered an extra copy of the original material. 

c. Transmit a graphic product over electrical paths by dividing the image into extremely small round 
elements. 

d. AD of the above objectives. 

54. (040-041) If the quality of a facsimile chart is below the acceptable AWS standard, the chart should 
be graded i 

a. 4. ' . c. 2. 

b. 3. d. 1. 

55. (041) A category of priority under which data requirements can not be submitted is 

a. an urgent request. c. an immediate request. 

b. a routine request! d. a classified request. 

56. (041) If a dati request is necessary to meet normal mission changes, it would be sent under which 
priority? 

a. Urgent. yC. Immediate. 

b. Routine? ' d Classified. 

57. (042) Under what priority should a data requirement request be sent if the AWS unit was not given 
• sufficient advance notice for routine action? 

a. Urgent. c. Immediate. 

b. Routine. ^ d. Classified. 

58. (042) If a data request is required to meet a tactical action or situation gravely affecting the national 
security, under what priority should the request be sent? 

a. Urgent. -c. Immediate. 

b. Routine. ^ d. Classified. ^ 

59. (059) The volume of communications manual AWSM 105-2 which applies to all units, regardless of 
location, is 

a. I. ■ • c. III. 

b. II. " d. IV. . 
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60. (044) The primaiy reason that the network may withdraw a weather message from the circuit is that 
the * 

a. bulletin contains an improper format. 

b. bulletin has too many typing errors. 

c. message docs not contain a MANOP heading. 

d. message has lost its operational vali<e due to tim^ decay. 

61. (044) The communications volume which contains the listing of weather messages is the ' 

I ' ^- AFCSR 105-2, Volume I. 

b. AWSM 105.2, Volume II. d. AFCSR 105-2, Volume II. 

62. (046) The communications volume which provides general poUcies on weather message preparation is 
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' a. AWSM 105.2, Volume II. c. AFCSR 105.2, Voliime II. 

.b. AWSM 105.2, Volume I. , d. AFCSR 105.2, Volume I. 

63. (0474)48) How many typing characters are required for the leader and tail on an H-time tapc^ 

a. 7 LTRS (leader) 1 0 LTRS (tail). 

b. 10 LTRS (leader) 7 LTRS (tail). 

c. 7 LTRS (leader) 2 LF 10 LTRS (tail). 

d. 10 LTRS (leader) 2 LF 7 LTRS (tail). 

64. (048) During T.time special collection, the data identifier is supplied By the 

a. net control station. 

b. weather relay facility. 

c. collective's lead sution. 

d. individual sending stations. 

6,5. (048) RTDs are messages transmitted during 

a. T.time general scan coDection. 

b. T.time special collection. 

c. H.timescan. . 

d. H.time. / 

m 

66. (050) Who has the initial responsibUity in grading and evaluating facsimile product quaUty?' 

a. KAWN. c. Local AFCS units. , 

b. AWS unit. d Communications management office. 
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67. (051) What is the primary source of weather data available to an editor assigned to a manual editing 
function? 

' a. Ojthei AFCS relay centers. 

b. USAF radio weather broadcasts. 

c. "Blind" radio WMO weather broadcasts. 

d. USAF and friendly military weather broadcasts. 

68. (052) What steps are used in message interpretation? 

a. Identifying the data type and changing the received heading to the prescribed heading. 

b. Identifying the data type, the source of the data, and the' AFCS operator that copied the data. 

c. Identifying the date-time group and stations reporting and assembling one-line observations into 
multilined messages. * 

d. Identifying the FM data type, the date-time group of the data, the stations reporting, and the 
geographical area the bulletin covers. 

69. (052) Data received from "blind" intercepts are usually 

a. interpreted by AFCS personnel. 

b. clear, correct weather bulletins that need little changing. 

c. garbled, incorrectly formated, and in a generally unsuitable condition for interpretation by anyone 
but a skilled weather editor. 

d. garbled, incorrectly formated messages that may be easily corrected by the editor with the help ^ 
of AFCS communicators. 

JO. (052) Message preparation at a manual editing section is the procedure through which the weather 
. editor 

a. decides what type data he has and what to do with it. 

b. decides what type data he has and constructs weather l?ulletins under prescribed FM type headings. 

c. constructs weather bulletins under prescribed FM type headings and transmitf^fiem to the users. 

d. constructs weather bulletins under prescribed FM type headings for transmission by AFCS. 

71, (052) FoUowup action on messages prepared by the editor assures that the message has been 

^. transmitted. c. properly logged. 

\ identified. d. put in the correct format. 

72. (052-053) Message withdrawal notices provide for the removal of 

a. superseded or obsolete weather messages. 

b. all weather messages from a circuit that is backlogged due to circuit outage. 

c, all data 3 hours old for the transmission of more current data. 

d, certain lengthy messages from backlogged circuits to assure transmission of shorter messages. ^ 



73. (053) An URGENT or IMMEDIATE request for data is a request for data 

a. not available and required by AFCS for transmission now. 

b. by AWS units to support other than normal operational requirements. 
- c. originated by the editor to meet his prescribed 'bulletin requirements. 

d. originated by the editor because all of his data sources have gone off the air. 

74. (053) The primary duty of an editor assigned to an Automatic Digital Weather Switch Center (ADWS) 

a. identical to thafof a manual weather editor. 

b. to operate the computer system. 

, c. to correct message formats and remove data from the system that is unrecognizable by the computer 
d. . to correct message formats and reprocess weather information which is not recognizable bv the 
computer. . ^ 

75. (054) The STALIB computer program 

a. controls each and every weather reporting station that comes into or goes out of the ADWS 

b. routes and distributes all messages that^^to or go out of the ADWS. 

c. aids the editor in bulletin preparation within the ADWS. 

d. is used in determining where data should be sent. 



76. (054) The editor must initially correct and reprocess data received from the 

a. immediately. 

b. as soon as possible, but with no time limits established. 

c. within 3 minutes, 
d- within 5 minutei. 



computer 



77. (054) **Suts" are statistical routines that 



are 



a. issued by the editor for computer programming. 

b. used by AWS to determine the amount of data trartlrriitted. 

c. used by AFCS to compare current data transmission\vith normal flow. 

d. issued by the computer to compare data amounts currently being received with what is nprraally 
received. 



78. (056) What program makes it possible for the primary system to receive live data, process it, and 
transmit finished products to the field? 

. a. RFMCFP. ^ . ' c. RTR. . , 

^- SWX. ' d. RTOS. 
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79. (056) Raw data received at AFGWC 

a are of immediate value for use in scheduled weather program. 

b. are stored on one of the mass storage drums until needed by scheduled weather prp^ams. 

c. cannot be used Tor weather programs until they are processed and put into the data base. 

d. are temporarily stored on drums and then removed. 

80. (058) Which program will put ^'program files" into the computet for scheduled weattier production 
runs? 

a. RFMCFP. ^' ^'^0^. • 

b. RUNSTREAM. d- BATCH. 

8 1 . (058) The RFMCFP program was developed to 

a. produce computer flight plans to all parts of the world. 

b. produce computer flight plans only within the continental United States. 

c. provide support to the Severe Weather Forecasting Section. 

d. provide finished weather products for SAC support units. 

82. (059) The Severe Weather (SWX) programs are nonnaUy started on the primary computer system by 

a. a remote device, known as a DOT 20^, in the Severe Weather Section. 

b. a remote device, known as|i.KSR, in the Severe Weather Section. 

c. the console operator with a key-in. V 

d. reading an SWX program card deck into the computer. 



83. (059) The primary reason the RTOS may be described as the lifeblood of the primary computer is 
because RTOS 



a. transmits weather production programs. 

b. generates weather production programs. 

c. selects data for direct transmission to users. 

d. programs the finished forecast products., 

84. (060) Which computer system in AFGWC produces all the classified data?' 

\ System 4. System 2. 

b. Systems. d.Systefnl.. 

85 . (060) The bulk of System 4's daily output is 

a. AWN transmission tapes. - ' ^ 

b. printed operational output for>FGWC forecasters. 

c. generated backing up System 1. 

d> generated from the development and testing phase of computer operations. 



44 



86. (061) Which AFGWC system generates forecasts fields to be put on magnetic tapes and read into 
the other systems? 

a. System 4. c. System 2. 

b. Systems. - d. System 1. 

87. (061) The component by which the functions of a system in AFGWC is controUed is the 

^- ' c. card reader. 

b. servo unit. ^ ^ d. operator control console. 

88. (061-062) To which remote device is the bulk of System I's transmissions made? 

^- c. Card punch. 

b. DCT im. d. High-speed printer. 

89. (062) It is a task of the console operator to 

3 
/» 

a: mount and dismount magnetic tapes. 

b. sort and deliver output from the HSP. 

c. start scheduled weather programs. 

d. maintain the computer outage log. . 

90. (063) In a properly manned computer system, which of three operators is assigned the task of sorting 
and delivering operational weather data to forecasters in the AFGWC? 

a. The tape handler. c. The console operator. 

b. The printer operator. d. All three operators share in this responsibUity. 

91. (063) "Purging" a tape means that the tape is- 

a. physically destroyed. c. returned to a work status. 

b. filed numericaUy. d. assigned to a development job. 

92. (064) The overall responsibility for the actual operation of the computers and the quality of the 
output belongs to the 

*• ' c. senior operator. 

• b. team chief. d. assistant team chief. 
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Preface 



IN ORDER to gather dala within the region of what we call outer space, but 
still relatively close to the earth's surface, it is necessary that we get measuring 
devices into these regions. With the refinement of the upper air balloon and the 
instruments that it carries aloft, frequent soundings up to 100,000 feet have been 
obtained. By using rocketsondes. this height has been raised to over 200,000 feet. 

Your assignment may take you to a location where you must be completely 
familiar with the methods and procedures of taking upper air observations. Also, 
your assignment may require you to be proficient in the use of Tactical Weather 
Sets. These two subjects, essential in the performanc^^ of your duties, are discussed 
in this final volume of CDC 25251. 

The discussion of upper air observations includes the methods and procedures 
of preflj^ht and tracking of. upper air instruments, and the plotting and measurement 
of tipper, aid data. The discussion of Tactical Weather Sets familiarizes you with 
the types of sets and with the unpacking, installation, operation, maintenance, and 
safety precautions to observe when using the sets. 

Printed and bound in the back of this volume is one foldout numbered FO 1. 
This foldout contains a breakdown of the Rocketsonde Code. 

Code numbers appearing on figures do not concern you. The> serve merely to 
identify the figure for the preparinig agency. 

If you have questions on the accuracy or currency of the subject matter of this 
text, or recommendations for its improvement, send them to Tech Tng Cen 
(TTOC). Chanute AFB. IL 61868 

if you have questions on course enrollment or adrtiinistration, or on any of 
' ECrs instructional aids (Your Key to Career Development, Study Reference 
Guides, Chapter Review Exercises. Volume Review Exercise, and Course Exami- 
nation), consult your education officer, training officer, or NCO, as appropriate. 
If he can't answer your questions, send them to ECI, Gunter AFB, AL 
'36118^ preferably on ECI Form 17. Student Request for Assistance.' 

This volume is valued at 21 hours (7 points). 

Material in this volume is technically accurate, adequate, and current as of 
December -1971. 
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CHAPTER 1 



^ .Pilot Balloon 



WEATHER IS unalterable in at least on^ re- 
spect — it never stops changing. This fact and 
the resulting effects weather has on military op- 
erations are among the major reasons for taking 
upper air observations. Today man is seldom 
held earthbound by weather, because aircraft 
systems Are better equipped to cope with 
weather. However, the cost of modem aircraft 
and the manjr lives involved make .the problem 
of weather just as important today as in the 
early days of aviation. 

2. Four major systems are used to obtain 
upper air data. Gathenng upper air temperature, 
humidity, and winds requires elaborate elec- 
tronic systems. These data, especially tempera- 
lure and humidity, can be observed from a 
rawinso^nde, dropsoijde. or rocketsonde system 
using electronic gear. If there is a need for in- 
formation on winds alone, a pibal observation 
satisfies that need. Pibal^ observations can be 
made without the aid of an electronic system. 
This chapter covers the procedures for making 
pibal observations and plotting the acquired data. 

3. EacH method of upper air observation — 
rawinsonde, dropsonde, or rocketsonde— offer's 
a specific advantage. These methods also pay 
tribute to the ingenuity of man to obtain data 
by remote me^s. However, as the system be- 
comes more elaborate, the cost of observation 
rises. Upper data, when needed without tempera- 
tures or other elements. , may be observed by 
releasing and tracking a pilot balloon. The equip- 
ment used is not as expensive, and can be trans- 
ported by an observer. The balloon is tracked 
visually rather than electronically. 

K Preflight and Tracking 

1-L This section discusses the theodolite, bal- 
loon preparation, and pibal release and tracking. ' 
In the following section, we look at pibal plot- 
ting, measuring speed and direction, graphing 
wind data, and encoding the message. Your ob- - 
jcctive in this section is to be able to understand 



Observations 



the basic procedures in taking pibal observations. 
The need may not exist at youf present assign- 
ment to actually take these ob.'^ervations. How- 
ever, the knowledge from this section, along 
with a short period of OJT. should enable you 
to take a pibal observation if the need should 
develop at a later time. 

1-2. Theodoliter Identifying the parts of a 
theodolite can best be done by an illustration 
Figure I points out the major parts. The theodo- 
lite mount provides tor easy rotation through 
360^ of azimuth and a 180"" elevation arc. A 
prism arrangement transfers the image trom the 
lens to the eyepiece, but the image is shown 
upside down. To make an erect image would 
take additional lenses and a consequent reduc- 
tion of light to the e\epiece. Rotation of the 
eyepiece jocme^ the crosshairs that help center 
the balloon in the field of view. Focusing of 
the lens ma\ cither be fixed f faciory-adjusied 
to focus on distant obiects; or aJjustable. If you 
have an adjustable tocus theotl th.re is a 
small adjustment knob on the side of tlw eye- 
piece. Of course, the knob is absent on fixed- 
focus theodolites. 

1-3. Some theodolites have an.auxiliarv scope 
to permit a wider field of vjew. A wider field 
of view means greater ability to follow the bal- 
loon nedr the surtace where low-level turbulence 
.swings the balloon in unpredictable directions. 
The wider view .sacrifices magnification, but there 
is no risk in losing sight of the balloon because 
of the lower power. A few minutes after release, 
the balloon's movement settles down, and you 
can .switch to the higher power, narrower field, 
main scope. This scope provides a field of 2° 
Cview.s an area whose diameter is bounded by a 
2° angle) and magnifies objects about 20 time.s. 
The auxiliary scope permits a W° field of view 
with its 4-power magnification. A small lever 
atop the e>epiece' controls the shift from one 
scope to another. Other features include a bat- 
tery-powered illuminating circuit to light the 
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Figure 1. Theodoliie. 



scale markings and crosshairs, and a set of gun- 
sights along the telescope barrel to ainnhe tele- 
scope quickly without looking through the eye- 
piece. You can control the telescope*s small 
movements by tangent screws, or you can disen- 
gage the screws and move the telescope about 
freely. 

1-4. Tangent screws mesh with the gear-cut 
rims of -both the azimuth and elevation circular 
scales. These screws permit controllable, slow- 
motion rotation through the range of azimuth 
and elevation. One complete turn of the tangent 
screw causes a l"" movement of the telescope. 



Each scale has I graduations. A micrometer 
drum built" into each tangent screw divides the 
I "'scale into tenths. The drum is numbered from 
0 to 9. When you turn the tangent screw, the 
micrometer, drum simply divides one rotation 
of the screw (I") into 10 parts. With this ar- 
rangement, you can obtain whole degrees of 
angle from the circular scales and tenths of a 
degree from the micrometer drum. Estimations 
between micrometer markings, for reading to 
.05"\ can easily be made. 

1-5. Before taking your pibal. observation 
there are two important prcflight' operations 
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you inust make. They are important because 
they affect the accuracy of the elevation and 
azimuth readings. These items are leveling and 
^orienting. A Ifvel theodolite is necessary * for 
accurate eUvation, Of these two tasks, leveling 
should be done first. 

N6. Leveling, The leveling assembly consists 
of two bubble levels, a leveling plate, a set of 
four leveling thumbscrews, and a plumb bob. 
Figure 1 shows this assembly, minus the plumb 
. hob. The leveling steps assume that the theodo- 
lite is mounted either in a permanent location or 
upon a^ tripod which can be erected anywhere. 
To begih leveling, point the telescope straight 
upland engage the elevation tangent screw to pre- 
vent movement. Lower the battery box. This acts 
as a counterbalance to the eyepiece. Set the azi- 
muth scale at 9** and engage tlje azimuth tangent 
screw. Mark the point at which the plumb bob 
comes to res*t. The plumb bob is used with the 
tripod only and is fastened to the center cap 
at the base of the theodolite. Now you are 
ready for leveling. 

1-7. Loosen the lower clamp wing screw (fig. 
I X. allowing free rotation of the theodolite. Ro- 
tate the theodolite until each bubble level par- 
allels a pair of diagonally opposite leveling screws, 
as in figure 2. Then tighten, the lower claihp. 
Look at one of the bubble levels. If it is nearly 
centered, spend no time bringing the bubble 
exactly to center until the other bubble is nearly 
centered. When you need to l?vel, turn the dia- 
gonally opposite leveling screws in opposite di- 
rections. To. illust^aie this further, your thumbs 
move either toward or away from each other 
as you turn the levelin| screws. Do this to each 
set of diagonally opposite leveling screws until 
the affected bubble is exactly centered. Aftei: 
leveling, you must tighten the leveling screws 
to the same degree of tightness. This prevents 
shifting or tipping of the base plate. These level- 
ing stgps were made at 0° azimuth. Disengage 
the azimuth tangent screw, turn the instrument 
to 180° azimuth, and note the position of the 
bubbles. If they remain centered, your theodo- 
lite is level. Off-center bubbles require leveling to 
be done at 180'' azimuth. The bubbles should, 
of course, remain centered during a full rotation 
of the theodolite. It is quite possible that after 
leveling at 180°, you will find the bubbles are 
off-center at 0°. That indicates a needed ad- 
justment of the theodolite vertical axis. This next 
paragraph discusses how to make such an ad- 
justment. 

1-8. Level one of the bubbles at 0° azimuth. 
Rotate the instrument to 180° and correct one- 
half of the bubble displacement by using the 
leveling screws. Correct the remaining bubble 
displacement by raising or lowering the adjust- 



able end of. the lev^ There is an adjusting screw 
for that purpose. Repeat these steps for the 
other leveL When you are satisfied that the theod- 
olite remains level, check the plumb bob to see 
that it has not moved from the mark. This check 
becomes important to accurate orientation to- 
ward true north when the observation site is 
permanently located. .\ permanent site has a 
fixed mark over which the plumb bob must be 
suspended. The orientation of the theodolite cen- 
ters upon that plumb bob mark. 

1-9. Orienting. The method by which you 
align 0° on the theodolite azimuth with true 
north represents the second major adjustment. 
Yot can locate true north by sighting certain 
' stars or the sun as reference points. A method 
using the magnetic compass, though less precise 
than either star or su'n orienting, represents a 
third w^ay you can locate true north. Naturally, 
any site chosen as the point of observation has 
to be regarded with respect to obstructions that 
would interrupt tracking the pibal. Tall build- 
ings, towers, trees, and smokestacks close to the 
tracking site seriously limit tracking at low-eleva-' 
tion angles. Ideally, obstructions should not 
hamper tracking above an elevation angle greater 
than 6''. If a^ingle observation site cannot satisfy 
this view from all directions, perhaps a second 
observation sice could be established. Careful 
selection of tie second site could eliminate or 
reduce the stj^ctural interference to tracking that 
exists at the first site. Each official observaUpn 
site receives orientation to true north, unce 
oriented, datum lines (lines of orientation) sim- 
plify the locating of true north thereafter. 




Figure 2. Theodolite IcVeling ^crew arrangement.. 



I- 10. Any nearby electrical motor or m^ss of 
iron or steel affects the alinement of a magnetic 
compass. Therefore, you must/consider magnetic 
influences when choosing f site for compass 
orientmg. Some theodolit^ come equipped with 
a compass for orichting. ^ough olhYrn^oinpoises 
could do the iob, only this compass is considered, 
in our discussion. . . - ^ 

1-11. A discussion of the comparison between 
true and magnetic /orth is not new to you. You 
have facei^this ^^lationship with wind direction 
measuring equipment. As witli wind, the dif- 
ference between true and magnetic north at 
youi: location becomes a prime piece of in- 
formation. This difference, or declination, can be 
obtained from an aeronautical chart or topo- 
graphic map. As you know, declination is ex- 
pressed as /easterly or westerly. The rule reads 
as follows: to obtain a true north, udd easterly 
declination to magnetic north and subtract west- 
erly from, magnetic nonh. Steps, for orienting are 
simple. ; 

1-12/ First, level the instrument. Set the azi- 
muth icale mark for the amount of declination. 
Using a declination of 10° as an example, you 
would set 10? easterlyvat 10° on the azimuth 
scale. Set 10^ westerly at 350° on the azimuth. 
Hold this setting- constant as you turn the in-r 
strument to line the compass needle with S. 
You make this turning motion by operating the 
slow-motion screw of the lower clamp. If a large 
movement is needed, loosen the lower clamp and 
turn the theodolite instead of tediously turning 
the slow motion screw. When you have obtained 
declination and compass settings, you have 
oriented the , theodolite. If it is likely that the 
. same bbservation point can be used for other 
pibals, establish datum lines. 

1-13. Datum lines act as orienting lines 
through you use of fixed landmarks. After a 
Compaq or celestial orientation, select a promi- 
nent, fixed landmark about 100 feet away and 
center the crosshairs upon that point. You must 
sight the telescope upon that point by ^ using 
'the azimuth • tangent screw and not by loosen- 
ing the lower clamp. The point selected -for sight- 
ing should be precise enough to avoid a vari- 
ation of azimuth when the crosshairs are 
centered. Record the elevation and azimuth an- 
gles with a detailed description of the point se- 
lected. Choose a second and third datum poinlt^ 
if available. To orient from a datum line, you set 
the azmiuth angle of the datum point, loosen the 
lower clamp, center the datum point at the cross- 
hairs, tighten the lower clamp and make the fine 
adjustment with the- slow-motion screw. Whether 
you use compass orienting, sun, or star referenc- 
'\ng mtially. the datum line remains as an accepta- 
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ble method for subsequent observations from the 
same site. 

1-14. When you orient by the sun, you use 
exactly 12:00 noon, ^olar time, because the sun 
passes ' directly above the meridian (longitude) 
upornvhich-yputtandr^Fhat-ffleridiani-as-^c^^l — 

• meridians, passes through true north. If you 
could determine the difference between true so- 
lar time and local meridian time, a fix of the sun 
at solar noon would point to true north. Deter- 

. mining the time difference involves two steps. 
1-15. As you know, each time zone spans 
either side of. a standard meridian. The local 
standard time for any zone is figured -at 
standard meridian. For. the first step, you naust 
know the difference between true solar time 
and the local standard time. Fortunately, an 
equation of time ^aph, figure 3, supplies this 
difference. From the graph, ymi- obtain a cor- 
rection,' in minutes, to apply to" solar time ta 
find local standard time. On May 11, for ex- 
ample, solar noon occurs at 1156 local standard 
time. The graph yields a correction of —4 minutes ^ 
which^when subtracted from solar noon, gives 
the local standard time. For convenience, install 
an equation of time graph in the theodolite 
carrying case. You can see the difficulty of ob- 
taining corrections in parts of a minute from the 
graph. For a more precise comparison between 
solar and local . standard time, consult the Air 
Almanac, This almanac, issued quarterly by the 
United States Naval Observatory, ' is available 
through the Government Printing Office. The 
almanac compares local time with solar time for 
every 10 minutes of each date of the year. 
Fmding the d^ is relatively easy. Appendix 
A contains sample pages from the almanac. 

1-16. Turn to the page in the almanac listing 
the date you need. Local time is found in the 
GMT column. Do not let the difference between 
your local time and Greenwich time concern you. 
The comparison between local and solar time 
does not depend upon your local time* Any local 
time— Greenwich, for instance — will do. Refer- 
ring again to the almanac, 1200 GMT, local 
noon, has a corresponding GHA of the sun in the 
second cplumn. Greenwich hour angle (GHA) 
gives the exact meridian of the sun. From the 
sample, page in Appendix A, notice that at 1200 
local noon on April 30 the sun is directly over 
the 0°42' meridian. However, you are located 
at 0° (Greenwich) in this example. Then con- 
vert the 42' of distance td time and you arrive 
at ihei difference between local noon and your 
solar noon. Appendix B provides a convenient 
method for conversion. In the body of the table, 
find 0°42'. The corresponding time is 2 minutes 
and 48 seconds. Apparently the sun crossed 
the 0"" meridian 2 minutes and 48 seconds be- 
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Figure 3. Equation of time graph. 



fore local noon, or at 11:57:12. Comparing the 
equation of time graph for the same date yields 
approximately a -3-minute correction. In other 
words, subtract 3 minutes from solar time to 
obtain local time. 

1-17. The graph is accurate enough for most 
orienting purposes. The almanac reference is 
made so that .you have a second method of de- 
riving the difference between true solar lime and 
local standard time. Almanac data is obviously 
more accurate. Returning to the problem of de- 
termining the difference between true solar tinle 
and standard meridian, time, we have completed 
step I. Wc know, the difference between solar 
and stan^dard meridian time. Step 2 finds the 
amount of time difference between the standard 
meridian q( the time zone and your position, the 
local meridian.^ 

1-18. Each degree of difference in longitude 
amounts to 4 minutes of elapsed time. Subtract 
the time from local standard if you are located 
east of the stan(rafa"meriaian. Add for a westerly 
position. Keep in mind that the reference to east 
or west is with respect to the standard meridian 
of your particular time zone and not to the 



, Greenwich meridian. The result of this last com- 
putation gives you the local time at which the 
sun passes directly over your meridian. If you set 
the ISC' azimuth of the theodolite toward the 
sun at the precise moment of passage, you 
achieve orientation. Before detailing the remain- 
ing orientation steps, let's summarize for a 
moment the two steps in finding solar noon. 

1-19. Suppose the current date is September 
24. Your station's longitude is 88° 101 W. To-' 
day, at solar noon, you Wish to take a fix of 
the sun for theodolite orienting. Consult the 
equation of time graphs (fig. 3)* for September 
24. The time correction obtained is -7 minutes, 
or 11:53 local standard time. That is the time 
at the standard meridian, or 90°. You are at 
88°, or 2° east of 90°. YoufMocation causes 
an 8-minute correction (.4 minutes for each 1 
degree) to be subtracted from 11:53. SoJar 
noon occurs, then, at 11:45 on that date. Ob- 
.viously, accurate time plays an important part 
in sun orienting. You may find that working to 
the nearest minute affords inadequate accuracy 
and that more exact timing is necessaiy. For this 
purpose, the Atr Almanac tables prove useful. 
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Now that you have determined true solar noon, 
prepare for the final orienting steps. 

4-20. Levet the instrument and cover the tele- 
scope, lens with a dark ultra- vioief light filter. 
Permanent eye dofnag e can result from ignoring 
this safety precaution. Set »the azimuth scale at 
18(F and leave the tangent screw meshed. 

. Loosen the lower clamp and sight the telescope 
on the sun several minutes before true solar 
noon occurs, Aim the scope so that the sun ap- 
pears to'both sit upon the horizontal crosshair 
and straddle the vertical crosshair. About a min- 
ute before noon, tighten the lower clamp and use 
the slow-motion screw to follow the sun's pas- 
sage. At the moment of true solar noon, stop 
turning the screw — the theodolite is oriented. 
Establish datum lines for future orienting. 

1-21. Two major limitations of sun orienting 
are apparent. First, establishing true solar noon 
without the proper tables for accurate computa- 
tion becomes a vague estimation' at best. Sec- 
ondly, due to the size of the sun, accurate 
crosshair lighting , again is an estimation. Clouds 
hiding ,the sun are not a major limitation since 
orientirtg. /after .ihe first time, is by datum Jine. 

f If thetjmdjor disadvantages of sun orienting can 

. be mirii^ifczed, thiS; Method offers greater accuracy 
than liiagnctic coitfpass orienting. A third method 
eliminates the tiine calculations, astronomical 
tables,^' and relateB ^arithmetic. However, it too 
. has a disadvantage^ feecause.it relies on two sets 

i of observations taken several hours apart. This 

i methqd is^called eqiiial angle. 

.l-:|2|fo an Observer in. the Northern Hemi- 

; sphergE,' all the s't^rs (inclucitng Polaris, the North 

' ' Star, ^6y/n in ffg^re 4) appear to rotate counter- 
clockwise vabout the north celestial pole (true 
north). Polaris' circle of rotation is small at low 
and midcjte latitudefs, but exceeds 3® above the 

, Arctic Circle. Polaris, then, is too flexible to 
serve as an orienting fix. The equal angle prin- 
ciple is 'basically simple. I^.presumes that if ob- 
*servarions are: made oh a star as it ascends 
in the eastern sky and again at the same ele- 
vation when it ^descends in the western sky, the 
midpoint between the two azimuth' angles is due 
north of the observation point. That says a lot, 
but the illustration in figure 5 points out the 
Simplicity. Observe the star as it asCends, point 
A.- Some time later, and as the star is apparently 
descending in the west, observe it again, point 
6. The elevation angle of the star at points A 
and B must* be equal. These two observations 
furnish azimuth readings for points A and B. 
Now, if you take Vi. of the angle formed by OA 
and OB, the azimuth along line ON points to 
true nortb. Let us e^C^mine the steps of equal 
angle orienting in detail. 



1-23. As always, level the theodolite and set 
the azimuth scale .at 0.0*. Without disturbing that 
setting, sight' upon an easily , visible reference 
point. You have to loosen the lower clamp to 
do this, and tighten it again when you are 
through. This reference point serves as a start- 
ing line. Since you have not yet located north, 
the reference {Joint acts as a substitute. This ref- 
erence point becomes important in the final 
orientation step. Once you locate north, you 
can make the angular adjustment from refer- 
ence point to true north easily. Select a promi- 
nent star to observe — one that is bright enough 
to be clearly visible, and also not easily mis- 
taken for another nearby star. In addition, choose 
a star not too close to either the horizon or the 
zenith. Take three sightings of that star at about 
15- to 3D-minute intervals, re<X)rding the azi- 
muth and elevation angles at each sighting. Re- 
cord angles to nearest .01 by careful estimation. 
Repeat the sightings on the star's downward 
passage at exactly the same elevation angles. 
Determine . the midpoint of the azimuths for 
each pair of elevation angles. To illlistrate, sup- 
pose that the first fix at 28* elevation yielded 
an azimuth of 238.32* and that the second 
sighting at 28* gave a 193.45* bearing. The 
mi'dpoint of these two sightings is at 215.88*. 
Eventually, you compute three midpoints which, 
when averaged, result in the azimuth most closely 
representing true north. One more step remains. 
Adjust the azimuth of the reference point by 
subtracting the midpoint bearing from 360*. The 
result gives you the true azimuth of th^ reference 
point that you used as a true north substitute 
earlier. Now you can set the azimuth scale at 
thfat bearing, lock it in place, loosen the lower 
clamp, sight upon the reference point, tighten the 
lower clamp, and true north orientation is com- 
pleted. 

1-24. Equal angle orienting need not be con- 
fined to starsighting. The sun may also be ob- 
served in this way. If so, position the sun in 
the morning sightings to the upper left of the 

• crosshairs, and to upper right in the afternoon. 

f*^The crosshairs should be tangent (next to) to 
the edge of the sun. Though equal angle orient- 
ing requires a longer span bf time over other 
methods, it can.be done in the field without 

^'benefit of astronomical tables, accurate time-: 
pieces;^r*^knowledge of the local meridian. You 
must be reasonably careful with your computa- 
tions, especially when figuring midpoint between 
azimuths on either side, of 360*, such as 348"* 
and 24*.. Woe to your orienting if you compute 
the midpoint in this case as 186* instead of 
6*. You must also be^ cautious to observe the 
same star for all the fightings. Nothing in the 
orienting steps can teveal to 'you., an accidental 
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POSITION OF CONSTELLATION 
WHEN POLARIS IS DIRECTLY 
ABOVE TRUE NORTH POINT 



Figure 4 Polaris (North Siar). 



wrong btar^slghting. After leveling "and orienting 
the theodofite, you are prepared to inflate and 
release the balloon. 

1-25. Balloon Preparation. One of the char- 
acteristics of a pibal observation is a balloon aii- 
cension rate, that is as.sumed rather than meas- 
ured. To be able to assume an ascension rate, 
a fixed amount of lift "must be given to the 
balloon. The lifting force depends upon the size 
of balloon, the amount of bouyant gas used, and 
attachments to the flight train. Because of these 
variables, inflation of the balloon must be care-, 
fully regulated. 

1*26. Types of balloons. Two sizes of balloons 
are currently used; the 30-gram and the lOD- 
gram. When pibal observations are given altitude 
requirements of 15.000 feet or less above sur- 



face, the 30-gram balloon can be used. Use the 
fOO-grapi balloon tor higher altitude requirements 
or when you suspect the 30-gram balloon would 
be lost from sight before reaching the desired 
altitude. Handle the balloons carefully by the 
neck portion, because their delicate construc- 
tion cannot stand abuse. Balloons that have been 
stored for a long time lose their elasticity. Rec- 
ommended storage is in the original container 
in a warm room. Where balloons are subjected 
to below-freezing storage temperatures, return 
ihem to a 65 F. or higher temperature before 
using. Immersion in warm water for several min* 
utes conditions the balloon's elasticity. Allow no 
water to enter the balloon and dry the outside^ 
bclore inflaiion. You may choose trom, white, 
black, or red colored balloons to suit \our need. 
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In general, the white balloon is most visible 
against a clear sky, red or black against an over- 
cast. Several methods are available for inflating 
the balloon, but your choice is limited to which- 
ever method your base provides. 

1-27. Inflation methods. Either helium or hy- 
drogen gas provides the lift. Of the two, helium 
is more desirable because it can be easily stored 
and is not flammable. Hydrogen requires careful 
storage, or must be generated for immediate use, 
and has the discomforting and dangerous quality 
of being flammable. Whichever gas you use de- 
termines the amount of counterweights to attach 
during inflation. A table^of pilot balloon inflation 
nozzles and weights in Circular 0 gives the weight 
to use with either gas. Suppose you wish to fill 
a 100-gram balloon with helium, using an ML- 
575 nozzle for the purpose of taking a daytime 
pibal. The table reveals that 470 grams of weight 
are to be attached during inflation to give the 
balloon the proper lift. The fixed rate of ascen- 
sion for a pibal, therefore, depends entirely upon 
the correct attachment of counterweights during 
inflation. If a lighting unit and parachute are in- 
cluded in the flight train, the table gives weights 
for them. Upon selecting the correct weights, 
remove any excess air from the balloon before 
placing it on the inflation nozzle. If inflating with 
helium, fill the balloon slowly from the cylinder 
until the balloon and its attached weiglits float. 
You should hold the inflation hose up so that its 
weight will not seem to be part of the inflation 
weight. Slow inflation avoids shooting the balloon 



off the nozzle and also allows the thin-walled 
balloon to adjust to the increased pressure upon 
it. Listen for balloon leaks before tying the neck 
of .the balloon with a soft cord. Inflate the balloon 
just before its release to, minimize chances of its 

accide ntal bursting on t he gr ound. 

1-28. Pibal Release and Tracking. A prerelease 
check of the theodolite and the timing device 
used during tracking may reveal problems that 
would not peifait an observation. Therefore, bal- 
loon inflation becomes the last step before re- 
lease. Release times, as far as possible, should 
conform to scheduled upper winds observations 
times. Naturally, your goal b to attain the re- 
quired altitude or at least exceed the minimum 
rcqmrements for a second release. A pibal need 
not be taken if a low cloud ceiling would prevent 
the observation .from reaching 3000 feet above 
the surface unless the observation is requested 
because of a severe weather fofccast and unless 
winds at 1000 feet can attained. A second re- 
lease may be necessary if you^ obtain less than 10 
minutes of data and more could have been ob- 
served. Obviously, if a cloud base or obstruction 
prohibits a second release from reaching beyond 
the Jirst release, do not repeat the pibal. Also, 
strong winds may drive the ballUDn out of sight 
horizontally, rendering a second release unde- 
sirable. 

1 -29. Release procedures. Release the bal- 
loon as near as is practical to the theodolite 
height and site. This is a convenience rather than 
a requirement, because for some releases, a little 
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OBSERVATION POINT 

Figure 5. Equal angle orienting <xample. 
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distance betweeh theodolite and balloon relate 
is desirable. Take a surface wind observation at 
the release site. , At the moment of release, the 
timing device must also be started. This device 
can be a -stopwatch, watch, or the ML-TIO 
timing set. The ML-1 10 provides two-way 
telephone communication between the observer 
and a remotely located plotter in addition to the 
timing sigaal. Whichever timing method you use, 
the '*re ad" signal should be preceded by a "warn- 
ing*' signal 5 or 10 seconds before each minute. 
Thi^lerts the observer to maintain the cross- 
hairs on the balloon. The ML-llO timing set 
gives a 7-second warning. 

1-30. As the balloon becomes airborne, the 
observer attempts to sight ii^ with the theodolite. 
At firsts this may prove difficult because of the 
large angular changes which the balloon makes 
from the observation site. During these first 
moments, follow th,e balloon with the gunsights 
rather than with the telescope. Also, for ease 
of movement, you may want to unmesh the azi- 
muth and elevation tangent screws. One of the 
hardest ascensions^ to follpw is the one that 
rises directly overhead. Even sighting with the 
gunsights is difficult because of the awkward 
angle. If you expect the balloon to rise directly 
overhead, release the balloon at a convenient 
distance from the theodolite. Following the bal- 
loon with the gunsight is a temporary measure 
until the balloon can be located and followed 
by either the auxiliary or main scope. By. the 
lime the first minute after release arrives, the 
balloon should.be in the field of one of the 
scopes. <^ 

I-3L Tracking procedure.^ Tracking settles 
down to a succession of angular readings taken 
each minute. The observer keeps the balloon 
within the field of the scope; and, when the 
warning signal is given, he centers the cross- 
hair\ upon the balloon. At the "read" signal, 
all scope movement sho^uld stop while the azi- 
muth and elevation angles are noted. Continue 
iracking by turning the tangent screws until the 
% next minute. You need not keep the crosshairs 
centered continuously on the balloon. However, 
the balloon should never be allowed to leave the 
field of the scope. This is sometimes easier said 
than done. Special caution during tracking has to 
be exercised when precipitation, strong winds 
aloft, obstructions in field of view, sun inter- 
ference, and cloud structures hick the balloon 
or make tracking difficult. ^ 

1-32. Difficulties encountered during tracking 
may cause you to lose the balloon momentarily. 
Do not stop searching until 5 minutes have 
clap-ed. A pibal must not contaia more than 5 
consecutive minutes of missing data. DrizSe or 



, light fain makej> tracJang difficult l^y wetting the 
, telescope lens. Though the scope shield offers 
some protection to the lens, moisture on the lens 
often cannot be avoided. Heavy precipitation or 
hail, sleet, and freezing rain have, a marked ef- 
fect on the balloon's ascension rale, causing an 
inaccurate assumption of upper winds. 

1-33. Strong wincls aloft make tracking diffi- 
cult by mpving the balloon rapidly. A swiftly 
moving balloon requires^ that ^ou have, agile fin- 
gers to turn the tangent screws and keep the 
balloon within the narrow field of view oo the 
main scope. A wind shear aloft may shift the 
balloon's direction of movement jii a radical 
manner. Nevertheless, whenever possible, lead the 
balloon as you would lead a moving target with 
a rifle. Often, leading the balloon becomes neces- 
sary when it passes behind a fixed obstruction. 

1-34. Judge the balloon's path behind the 
fixed obstruction. The balloon's movement just 
before disappearing ' can guide your judgment. 
Move the scope to the spot at which you expect 
the balloon to reappear and disengage the eleva- 
tion tangent screw. Manually swing the scope up 
and down through a short arc, scanning for the 
first glimpse of the balloon. 

1-35. Tracking the balloon across the sim's 
brightness is not easy either. Naturally, you do 
not wish to focus the sun's rays through the 
scope into ymv eye. ALWAYS be careful'of your 
eyes when tracking, ifhe alternative is to judge 
the path of the balloon and pick it up on the 
other side, as with a fixed obstruction. Cloud 
elements may also obstruct your view of the bal- 
loon. Leading the balloon through a cloud may 
prove- hard to do because the cloud; too, is mov- 
ing. Because of this, the balloon may reappear 
from a totally different portion of the cloud than 
you might expect. Whenever you lose the balloon 
from view, search in a systematic manner. If the 
balloon is low enough to see with the unaided 
eye. use the gunsight to aim the scope at the ex- 
pected appearance point. At higher balloon eleva- . 
tions. your search may be more complicated. 

1-36. First, search the portion of sky where 
you iudge the balloon should be, according to 
past position. If this fails, your natural suspicion 
is that the balloon has altered its movement. 
Though logical scanning methpds itiay vary from 
situation to situation, sHgood method is to scan 
perpendicularly to the last known path. Con- 
sider a situation where the balloon's path is in- 
cre*^sing in elevation more than azimuth. A per- 
pendicular scan is to select an elevation and 
make short scanning swings back and forth 
throtlgh ^several degrees of azimuth. If this scan 
is unsuccessful, change the elevation angle slightly 
and ccpeat the scanning, When scanning, swing 



the scope sldwly, so t*hat you won't pass the bal- 
loon withbm seeing it. Remain calm, if the bal- 
loon ^s lost from. view. Usually, it has not gone 
"very far from the point where you last saw it. 
Wild, frantic scanning soon leads you away from 
(he most probable position and lengthens the 
time the balloon remains lost. 
. 1-37. Your objective during tracking t)ie bal- 
loon revolv^es around collecting azimuth and ele- 
vation readings for each minute of ascent* kead 
each azimuth and ''elevation angle to the nearest 
one-tenth- degree (0.1°) 'except whtn the angle 
of elevation becomes less than^ 15®. At eleva- 
tion angles less than 15®, mal^. elevation read- 
ings to the nearest 0.05®. Continue to observe 
azimuth to 0.1®. Tafke as little time as possible 
to read the scales, especially when either angle 
is changing rapidly. It is unnecessary to let scale 
reading cause you to lose sight of. the balloon. 
You can read a rapidly changing angle first and 
follow the balloon through its rapid motion in 
that angle before reading the other angle. Take ' 
cai'e to make the slower angle reading before 
changing its setting. Plot each angular reading , 
and measure it for speed .and direction. Before; 
* turning our attention to .plotting pibal data, we 
shall make a few remarks about terminating the 
observation* 

1-38. The best time for a preliminary check^ 
pf the accuracy of the observation is termina- 
tion. If this check reveals a serious error, a sec- 
ond release can be made before too much time^ 
and plotting is spent upon an unreliablet observa- 
tion. Check the elevation data for improper as- 
cension rate. A leaking balloon shows up as a 
noticeable decrease in the elevation angle. Do 
not assume that a decreasing elevation angle al- 
ways indicates a leaking Jballoon, ho^yever. A 
layer of strong winds also causes elevation read- 
ings to decrease. Elevation decreases due to a 
leaking balloon are more pronounced. Also, the 
observation tends to be longer than normal. 
Questionable pibal data can be qvaluated and 
transmitted; but if a second verifying pibal is^ 
possible, it should be made. The verifying pibal 
must be made within the time limits specified for 
♦observing upper winds. When two observers take 
a pibal observation, the evaluation usually is 
finished soon after termination of the ascent. 
One man can easily plot and evaluate the data' 
as it is obtained. 

2, Plotting and Measuring 

'2-1. The observed "elevation and azimuth 
angles are recorded by the plotter. His task is to 
convert these angles into a minyte-by-minut^ 
pictijre of thc^ direction the balloon took, and 
the horizontal distance out (HDO) it travelled 
from the release site. Using this plotted picture 



'and specially, constructed scales, he may derive 
windspeed and ^direction for each minute. Then 
he plots the speeds and directions on a graphing 
board to construct continuous curves from sur- 
face to termination. Windspeed and direction can 
easily be extracted from the graphed curves for 
any height interval desired. 

2-2. From t|je foregoing overview of pibal 
plotting, you can see the basic simplicity of this 
task. It is the details of plotUng which tend to 
make it appear more complicated. 

2-3. Pibal Plotting* Twopfotting sets are avail- 
able for. pibal plotting; ^itner may be used. The 
A-1 plotting set permip a direct plot of observed 
elevation and azimuth angles. Also, it accom- 
modates an HDO c/ approximately 150 miles^ 
enough distance for even an extraordinarily suc- 
cessful pibal. The ^her- plotting^ set, ML-122, 
has almost a lO-n^le HDO scale, which fre- 
quently proves to b^JoosJjeiT.* Distances beyond 
the scale limits must be"3ivided by a known fac- 
tor (2, 4, etc.) before plotting. The short I^DO 

of the *ML- 1 22 constitutes an inconvenience 
♦ 

rather than a serious limitation. Another feature 
of the ML-122 is that elevation angles are not 
plotted- They are converted to HDO from a set 
of tables. Let's examine the plotting steps of ;he 
. A-1 set. ^ ' 

2-4. A-l ^plotting set. The A-i set consists of 
two plotting boards. (See fig. 6.) A circular 
board with 360® of azimuth allows a plotted 
)HDO of 7 km. The full circle azimuth provides a 
^convenience in plotting balloon direction shortly 
. afterj release. Until the steadier upp.6r winds in- 
flue^ice the balloon, it may' prove 'through the 
full circle. Referring tQ the small auxiliary board 
in figure 75; let's ^xamine th^ *plotting'procedurcs. 

Step IT Aline the small plastic^ ^plotting' arm 
with 'the elevatiof) angle. ; ' 

Step 2. At the intersection of the plotting. arm 
with the vertical height scale, make a / mark on 
the board and number Jf *M" for the first min- ' 
ute. (WBAN 20 gives 'the pibal heights in me- 
ters.) • . . ' ^ ' 

Step 3/ Plot and number succeeding minutes 
in a sinfilar wa\ until you reacl;i the edge of the 
auxiliary board. ^ v * 

Step 4. Place the 'plastic plotting* arm along 
the horizontal distance .(HDO) scale: 

Step 5.*'Traftgferf6acIr plottecl*^ iha|k (in step. 
3) from the board to the plotting arm by, bring- 
ing them down* vertically. (The transferred marks ' 
are now HDOs\) • v ^ 

Step JS. Erase the piQtted' marks on the board • 
after transfer to 'the plotting arnl. / ' * v . 
• Step 7. Aline the marked ledse of the plotting/ 
arm with'the tizimutfi 'angle -^of the fir^ mmute' 
and transfej the first ^ark on the^l6tting arni 
directly to tha board ancl' .numt>ef thjp ' mark. 




Figure 6. A-1 plotting set. 



(This positions. the balloon with respect to direc- 
tion and distance from the station.) 

Step 8. Repeat step 7 for each succeeding 
minute. Using speed and direction scales, you 
can read the upper winds, from the plotted points. 
A discussion of this comes later^ Consider, first, 
the' plotting on the big board of the A-1 set. 

2-5. Having plotted as many minutes as the 
auxiliary boaTa^pcfffnits. you continue the plot- 
ting upon the large A-1 board. Imagine the 
large board as an expanded section of the auxil- 
iary board. The plotting steps are similar. Either 
the A or the B scale ma^be* used for plotting 
elevation,^ For angles 45*" or above, use the A 
scale. Figure 6 Sihows these elevation angles al- 
^ready .numbered. The B scale accommodates the 
lower elevations. After marking the HDO on the 
plotting ann, the A scale then acts as an azimuth 
✓ scale. However, you must number the A scale 
lor azimuth to suit (he needs of your observation. 



The elevation numbering, for this purpose, may 
be ignored.^Vou are free to assign the A scale 
any 90^ segment of the azimuth circle. Less 
crowding of the HDO plots results if you keep 
the plotting along the l?ottom edge of the board. 
Your scale may be numbered clockwise or coun- 
terclockwise. Though it is not absolutely neces- 
sary, you are sure to find it more convenient to 
begin numbering tl^e A scale with one of the 8 
points' of the compass rose. When you begin to 
read directions from >our plotting. >ou w'ill be 
glad you did. Proceed to transfer the HDO marks 
b^:}$/ to the board according to the. chosen azi- 
nmh scale. To mako, a smooth transition from 
the au.xiliary to the main board, replot the last 
two points from the auxiliary board. Later, when 
you read speed and direction, the reason for this 
becomes clear. ' 

2-6. One more plotting point needs to be 
mentioned. An E-curve on the main plottmg 
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board separates the plots needing an earth cur- 
vature correction from those not needing a cor- 
rection. E-curve corrections apply only during 
the elevation plotting. If the elevation angle be- 
comes low enough ta cast the plotted points, be- 
low the E-curve, a small correction must be ap- 
plied to the elevations before you plot. In the 
portion of the board bounded by the E- and 
A-curves, shown in figure 6 at ^bottom center, 
the correction amounts to 0.2'' elevation added 
to the observer angle. Beyond the A-curve, 
add 0.4°. Larger corrections are added beyond 
the outer scales (c and B*), but they are unlikely^ 
to apply to pibal observation. 

2-7. For convenience in plotting short obser- 
vation^, such as a pibal, the A-1 set comes 
equipped with a short plotting arm. The plotting 
arms are a magnesium' alloy which takes a dark 
pencil m^k quite easily. However, the marks 
can easily be smudged or rubbed off. Use care 
in handling the plotting arm after the HDOs are 
put on it. Put aside in your mind, for a moment, 
the A-1 set procedures^^nd shift your attention 
to the plotting steps of the ML-122. 

2-8. M 1-122 plotting set. This plotting board 
has just one scale — azimuth, as shown in figure. 
7. The plotting arm,*^ ML-.126, is graduated in 
yards for plotting the'HDO. Each mark repre- 
sents 50 yards. With no elevation scale available, 
you must use another*method for finding HDO. 



A set of HDO tables tak^ care of this problen?. 
AWS Technical Report 105-116 computes HDO 
for a 30-gram balloon, and AWSTR 105-117 
computes for a 100-gram balloon. The tables list 
,the HDO in meters for elevations 0.0° to 89.9^ 
by 1 -minute intervals. For each minute of bal- 
loon observation, you simply enter the table with 
the elevation angle for that minute. Then use the 
ML-126 plotting arm to plot the resulting HDOs 
on the MLr-122 board. With the ML-126 
pointed at the proper azimuth, find the HDO on 
its scale and make a 7 on the ^ board. Number 
the mark for the minute it represents. Though 
you are plotting meters from the HDO tables 
against yards calibrated on the rule, the differ- 
ence in scale is unimportant. In other words, 
the marks on the rule can be considered as me- 
ters. More important to the final product is that 
if you plot distances in meter?, extract speeds in 
meters per second. No other plotting steps are 
neqessary. \ 

2-9. Unfortunately, the short HDO scale on 
the ML-126 frequently makes it necssary to ex- 
lend the scale by mathematical ipeans. That is to 
say, by dividing HDOs beyond 17,000 meters 
with a known factor (2 or 4, for example), you 
bring the plotting back within the length of the 
rule. Naturally, the factored plots must be kept 
separate from the others. A good habit to de- 
velop is to read speed and direction from the 
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unfactorcd plotting, erase it, and then ^ plot the 
factored HDOs. iTiis method may also help you 
to remember that ^windspeeds are multiplied by 
the same factor you* used to plot Pletting ob- 
.servcd data on either the or ML-rl22 sets 
presents no difficult challenge. Before turning to 
the plotting rules, you need to determine what to 
do with missing data, 

2-10: Missing data. When angular readings 
have been missed for not more than 3 consecu^ 
tive minutes, draw a smooth curve on the plot- 
ting board through the three points just before 
, and ajiotfier curve through the three points foU 
V lowing the missing stratum. Interpolate between' 
both of the§e two segments to form a smooth 
continuous curve. On the curve through the miss- 
. ing stratum, plot points for the missing minutes 
to form a reasonable picture of the^ balloon di- 
rection and speed. Interpolation cannot be ex- 
tended to 4 consecutive minutes, or cannot be 
used for data missing just off surface. Recall also 
.from an earlier paragraph that a pibal must not 
fontain more than 5 consecutive minutes of 
missing data! Now that you have examined the 
features of the" individual plotting sets.- take a 
foQk at, the plotting rules. 

2-11. Plotting rules. Every observed minute 
does not need 16 be plotted.^ Evaluation of wind- 
speed and direction, especially above a height 
of 7 km (MSL), does not require complete plot- 
ting. To avoid plotting excessive information, 
these plotting rules are listed. Between surface 
• and/ 7 km (7000 meters), no shortcuts are open. 
Every minute is to be plotted, the variable na- 
• ture of winds near the surface prevents you from 
omitting the plots of any observed data. At 7 km. 
^.^^^^^^ changes. 
" a. Plot the first minute above 7 km. 

b. Next, plot each odd minute. 
^ c. Plot the first even minute immediately be- 
low 14 km. 

d. Plot terminating level, if it occurs below 
14 km. 

These rules govern plotting until 14 .km. where 
another set of rules takes over. Above 14 km. 
proceed as follows: 

a. Plot the first odd minute. , * 

b. Plot each even minute. 

c. Plot the terminating minute, odd or even. 

Remember the 7-km and 14-km heights are bal- 
loon heights, not HDOs. As you might suspect, 
the plotting rules have a bearing on the method 
for evaluating speed and direction. Converting 
plotting data to speed and ^direction is your nex< 
ta^k. , ■ ^ ^ 

2-12. Measuring Pibal Speed and , Direction. 
Despite the different measuring scales used with 
each plotting^ set, certain basic rules of measure- 



ment pertain to bpth sets. Because not all min 
utes are plotted, neither are all minutes evalu 
ated. - 

. 2-13^ Measuring speed, Gjmpute windspeed 
and direction for the following: 

• Each minute from surface to 7 km. 

• Each even minute from 7-14 km. - 

• Each even minute above 14 km MSL. 

To fin^ thT3peed anti^irecti^n foTlhe minutes' 
specified above, measurement is patterned a.s 
shown in figure 8. 

2-14. .Use a 2-minute interval with a 1-mmute 
overlap tc^find speeds and directions between 
surface and 7 km. Figure 8,A. show.s that to 
compute for minute 6. you measure from 5 to 7. 
Using a 2-mjnute interval gives a mean wind,, 
forjthe layer. Between 1 and 14 km you plotted 
only the odd minutes, but yoQ must find speed 
■ and direction for each even minute. Figure 8.B. 
shows a 2-minute interval, no weriap pattern 
•used to extract data. Above 14 km, you plotted 
even mjnutes and must, compete for even min- . 
utes. Try a 4-minute intervalf 2-minute overlap 
(see fig. 8.C) to obtain this last nreasurement. 
These are the only basic rules peninent to either 
plotting set. Take a brief look, now, at the indi- 
vidual plotting set speed and direction scales. 

2-15. The A- 1 plotting set contains two 
bpeed scales — short and long — shown in figure 
6."^The short scale is to be used only on the 
auxiliary board, andnhe long scale only on the 
main board. Normally, both scales can measure 
a 2-minute interval. Full scale. 4-mmute inter- 
vals are read from the scale and divided by two. 
A full-scale 43lot is one which is made at an HDO 
less than 110 km. The speeds you get from the 
scales are in meters per second. There are tim^s 
when, instead of a 2-minute interval, you must 
measure a 3-minute interval. This occurs either 
* when the terminating minute is even between 
7 and 14 km or odd above 14 km. Simply meas- 
ure the 3-minute interval with your scale and 
^divide the reading by 1.5 to obtain the speed for 
"the required minute. Circular 0. WBAN Manual 
^of Winds Aloft Observations, contains a com- 
plete summary of evaluation methods for plotted 
^pibals. A separate scale. WPC 9-23, measiTres 
speeds piotted on the ML-122. It. too, gives 
speeds in meters per s^econd for a 2-minute. in- 
terval. 

2- 1 6. Measuring direction. Two dire* tion 
scales come with the A-1 set. Only the B- di- 
rection scale can be used with the auxiliary' 
board. The B-1 scale is constructed to match the 
clockwise arrangement of direction on the auxil- 
iary board. The other scale, A-1, has the direc- 
tions arranged in a counterclockwise manner. 
Thus, whichever ^-ay >ou numbered the A scafe 
on the main plotting board, you have a direction 



) 



13 




.6- 



8- 



*6 

L.,7 
.8 
L.9' 



-7 



... 

L.23 



•25 J 



A. TWO MINUTE INTERVAL 
ONE MINUTE OVERLAP 



B..TWO MINUTE IHTERVALC 
Na OVERLAP 



C. FOUR MINUTE INTERVAL 
TWO MINUTE OVERLAP 



25.J81 



Figure 8. Wind mcaburing patterns. 
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scale to match. A single scale. ML- 177, is used 
on the ML-122 plotting set. The plotting set 
, azimuths are numbered clockwise and the one 
scale proves sufficient. When you measure direc- 
tion, the procedure is identical on either set. 

2-17. You evaluate direction across a 2- 
4-minute mterval similarly to the way you meas- 

' ure speed. To find the first minute direction, 
place the center of the direction scale over the 
point of observation and read the position of the 
second minute. Successive minutes are measured 
by moving from plot to plot. The pattern of 
measuring direction resembles the speed measur- 
ing illustrated in figure 8. Foremost to keep in 
mind while measuring direction is the position 
alinement of the scale. 

2-18. On the A-1 set direction scales, aline- 
ment numbers appear in small ovals every 45*^. 
First, you must match the, numbering you used 

i^n the main board A scale. If you numbered 
135® at the top of the A scale and 45'' at the 
*bottom. the A-I direction scale (CCW) matches. 

. As you evaluate directions, in thir example, 
maintain the 135"^ number always pointing to 
, the top of the board. Tiiis keeps you within the 
correct segment of the direction scale. 

2-19. Directions scale ML- 1 77 does not have 
alinement numbers. Instead of these, it has lines 
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that must be kept parallel to the vertical lines 
etched into the ML--122 itself. Unlike the A-1 
scales, which are constructed as full circles, the 
ML-177 is only a half-circle. It resembles the 
protractor you use to measure degrees of an 
angle. Each segment of the scale has two direc- 
tion numbers. Read the larger direction numbers 
when usiiig the scale to your right; read the 
smaller direction numbers when using the scale 
to your left. At all times, keep the scale alined 
vertically. 

2-20. The direction you assign to the minute 
being evaluated, therefore, is read directly from 
the scale without interpretation. Occasionally. 
>our judgment becomes necessary when the plot 
falls under the line between two directions. 
Choose thei larger of the two directions. Finally, 
when you encounter missing data, the speed and 
direction evaluation depends upon the extent of 
the nxissing layer. 

2-21. Evaluating missing data. A missing layer 
extending no more than 3 minutes should con- 
tain interpolated plots, and you evaluate the in- 
terpolated plots. A 4-% or 5-minute missing data 
layer should contain no interpolated plots; no 
evaluation can be made through a layer this deep. 
Iji thi$ case, evaluate the last minute required 
before j^c ^jssing layer and begin again with 



V 



the first required minute following the data in- 
terruption. To evaluate the required minute, it 
may be necessary to measure across a 3- or 4- 
minute interval.- This is permissible, provided the 
speeds are divided by 1.5 or 2; At no time 
should you use a 1 -minute interval tp .determine 
- wind data qbove\3liit,udcs of 7 km. Below 7 km, 
it is allowable. Evaluation of the plotted data for 
windspeed and direction is the 'last step involv- 
ing the original observed data^ From this point 
on, you are working with the derived speeds and 
. directions. Before discussing further plotting steps, 
let us take a moment briefly to discuss the Winds 
Aloft Computation Sheet, AWS Form 20 
(WBAN 20). * 

2-22. A WS Form 20, Write the observed eleva- 
tion and azimuth angles in the columns provided. 
Angular readings for j-fiterpolated values are 
omitted. Pibal heights above surface are pre- 
priBRd on the form for 30- and 100-gram bal- 
loons. The derived HDOs, speeds, and direc- 
tions for each plotted minute also are filled in. 
Although interpolated angles ^anci distances "are 
omitted, windspeeds and x directions are evalu- 
ated and recorded through the missing stratum, 
^lowever, place brackets around the data and 
label it "interpolated^ Other missing data is en- 
tered as missing for the corresponding minutes. 
Form 20 lists all 'the information, on the one side, 
according to minutes of ascension. The Upper 
Wind Code format contains wind data according 
to selected levels. Therefore, conversion from 
one basis to another remains as the final task 
before coding: The transfer can be made on a 
single graphing board, the ML-.154. 

2-23. Figure 9 illustrates the ML^514/TM, 
wmds aloft plotting -board. Physically, the ML- 
514 IS a white, plastic-coated graphing board. A 
shdmg, clear-plastic straightedge is spring-loaded 
to keep its left edge against the left side of the 
board. Both board and straightedge Wsplay 
printed scales for the plotting. Before plotting, 
check the straightedge for alinement. You . cari^'r 
recognize proper alinement by moving ^the 
straightedge up and down and noting whether ' 



the 0-mps line coincides wjth the 0-18-km alti- 
tude scale during the motion. If not, correct the 
alinement with the adjusting screws on each end 
bf the straightedge. 

, 2-24. Graphing Wind Data^ On the left side 
of the straightedge is a series of closely spaced 
horizontal lines. Beginning at the top, each line 
represents 25 meters of station elevation. The 
line that most closely approximates your station's 
elevation should be etched in ink. It is this inked 
line that you use to set the straightedge against 
the minute scale during the plotting and also 
adjust for MSL in the code. 

2-25. The far left-hand scale on the board 
marks off the minutes of the pibal observation. 
To plot speed and direction for each minute, set 
the inked line on the straightedge to the desired 
minute mark. Along the top edge of the straight- 
edge is a speed scale (meters per second)! 'Di- 
rectly below that is a direction scale in red. The 
result of your plotting produces tvyo series of 
marks, one set for speed and the other for direc- 
'tion. Connect the plots and you have two curves 
representing the observed data. This brings you 
to the last step— that of coding pibal winds. A 
discussion of PILOT code was presented in Vol- 
ume 3 of this course and needs no further ex- 
planation here. 

2-26. Encoding the Message, Extracting the 
data far the required levels will offer you no 
obstacles. Along the right side of the plotting- 
board "are height scales in thousands of feet MSL. 
On the lower portion of the straight-edge ap- 
- pears a line on the required altitude leVel. From 
the curves, extract the^ speed- in whole knots ' 
and direction to' nearest 5°. Enter this data in- 
the coded data columns on the. legend side of 
AWS Form 20. 

2-27. .Taking ^ a pibal observation is perhaps 
not as common as other methods of obtaining, 
upper wind datg. However,- as -air observer, you 
must he aware of the pibal observational mfcthod; 

.-?»5B^ ;Bef05e going, on to Chapter 2, refer to- 
your Wbrkbook and answer the chapter review 
exercise items for Chapter I. ' 
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?HAPTER 2 



Rawinsonde Observations 



LONGEST IN USE among electronic systems 
^ and stilF very important is the rawinsonde method 
of upper air observations. This chapter presents 
a view of the rawinsonde "system. Topics under 

' discussion include* ground and flight equipment, 
preparing the sonde and balloorirand the evalu- 

. ation and plotting of .the sevei:al charts. All ma- 
jor tasks necessary In making an upper air sound- 
ing are given brief emphasis. Full proficiency 
in rawinsonde observing techniques,, however, 
is not the objective. You should be able io 
name the steps m making a rawinsonde observa- 
tion and tell how each \s done. The next para- 
graphs introduce the chapter with the theory of 
rawinsonde upper air sampling. 

2. The rawinsonde system allows us to evalu- 
ate wind direction and speed, ^temperature, pres- 
sure, 'and relative humidity by means of a bal- 
loon-borne radiosonde, tracked by a radio 
direction-finder. The radiosonde provides hous- 
ing for a thermistor, hygristor, and aneroid celL 
A thermistor reacts to temperature changes ,by 
changing its electrical resistance. A hygristor re- 
sponds in a similar way to humidity. Actually, a 
moisture-sensitive chemical coating varies the 
resistance of the hygristor. The pressure sensing 
device is a small aneroid cell whose expansion 
acts upon a metal contact arm. This contact 
arm, in turn, rckts upon a plastic bar called a 
commutator. Embedded in the conimuiator are 
narrow metal conducting strips dividing the com- 
mutator into alternately conducting and noncon- 
ducting , segments. As the expanding aneroid 
causes the contact arm to move across the com- 
mutator, the alternating segments switch the ther- 
mistor and hygristor into the transmitted circuit. 
Aneroid, contact arm, and commutator make 
up a unit called a baroswitch, 

3. Pressure is 'not directly transmitted, as are 
temperature and humidity. Nevertheless? a known 
relationship between pressure and the number 
of segments on the commutator makes pres- 
sure data readily, available. These known com- 
parisons come packed with the radiosond^^ in 
the form of a pressure .calibration chart. You 



need only know , the commutator segment 
(contact number) to find the pressure acting ^ 
upon the aneroid. A wet-cell battery provides 
a power source for the radio transmitter. An 
antenna tracker follows, automatically or manu- 
ally, the radiofrequency of the transmitter," As / 
the radiosonde is tracked, azimuth and eleva-/ 
tion angles are recorded for the plotting and 
computation of winds. The maximum height of 
the sounding depends upon the condition of 
the balloon and. of course, the level at which 
it bursts. Though the winds may carry the radio- 
_ sonde several miles from a point directly above 
the station, the sounding ib considered as a ver- 
tical sampling above the launching station. 

4. Greater accuracy of pressure measurement 
above 100 mb results- from a device called a 
hypsometer. This measures pressure at high alti- 
tudes by using the relationship between the tem- 
perature, of an ebullient fluid (Freon 11) and 
atmospheric pressure. Radiosondes may, contain 
hypsometer and transponder capabilities singly, 
in combination, or not at all. 

3. Ground Equipment 

3-1. Rawinsonde observing equipment ' is 
classed into two categories, ground and flight. 
The ground' equipment must provide testing, 
tracking, recording and measuring of the flight 
equipment and its transmitted data. Three com- 
plex electronic units — the rawin set tracking unit, 
the radiosonde recorder, and the radiosonde 
check set— do all this- Our first topic is the track- 
ing unit. 

"3-2. Tracking Unit. Rawin set. AN/GMD-2. 
is the heart of the ground equipment. The rawin 
set*s main assembly should be located on open 
level ground free from obstructions. With clever 
use of radio signals, the main assembly handles 
positionmg* ranging, and me.teorological informa- 
tion all.at^the same time. The details involved in 
the modulation and transmission of the various 
electrical signals is not important to your job. 
Therefore, the following discussion is highly sim- 
plified. 
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3-3. The main assembly receives a frequency 
modulated (modified) signal from the radio- 
sondes iransmillcr. Simultaneously, temperature 
and humidity information is carried by the trans- 
mitter signal as an cuupliiude modulation. When 
the modulated radiosonde signal reaches the 
main assembly, it must demodulate the signal to 
separate the various information. Position infor- 
mation provides the rawin set with voltages that 
drive the main^assembly antenna during its track- 
ing of the radiosonde. Also^^he meteorological 
signals are channeled to the recorder record for 
display. 

3-4. To be accurate, the tracking unit must, 
be oriented and leveled. This^ives value to the 
elevation and azimuth positioning information 
obtained by tracking the sonde. Begin orienta- 
tion by taking ele^'ation and azimuth fixes upon 
a stationary radiating target. This target is a test 
.lurccnna installed on a utility pole. Take the fixes 
hl^^jheodolite located a: the spot chosen for the 
main assembly. After taking the fixes, replace the 
theodolite with the ffmin assembly, aim the an- 
tenna at the radiating ih<cct. and adjust the ele- 
vation and azimuth of thc\yitenna to the angles 
obtained by theodolite. Orieht azimuth to true 
north. The main assembly is omy one unit of the 
rawin set. The other. important pnit is*. the control 
recorder. ✓ 

3-5. Elevation and azimuth signals pass to the 



control recorder from the main assembly. The 
control recorder uses tbis^^ata- to compute alti- 
tude. Readouts and prinlctl rccotd of altitude, 
elevation, azimuth and elapsed sounding time 
are provided at the control recorder. ^Remote 
control of -the main- assembly also Ts possible 
from the control recorder. Figure 10 gives you a 
visual idea of the control recorder. The* print- 
out giy«, valuable data for the computation of 
winds. Elapsed lime shown^n^e* printout can 
be switched to either 1, 2, or 10 prints^ per 
minute for automatic recording. A manual print- 
out can be obtained as well. A second unit of 
the ground equipment ^present^, a printout of the 
meteorological data. 

3-6. Radiosonde Recorder. The purpose of the 
TMQ-5 recorder is to provide a graphic record 
of the transmitted meteorological signals. On this 
graphic record begins the operator task of select- 
Tng significant levels and evaluating jdata; but that 
is "discussed in a later section cf this chapter. 
The TMQ-5 performs one necessary step toward 
the evaluation of the sounding. It converts audio- 
frequency signals to direct current (dc) voltages. 
The strength of the dc voltage is proportional to 
the audiofrequency that creates it. The dc volt- 
age excites a pen-positioning system, causing the 
pen to scribe the Signals upon graph paper. A- 
rawinsonde operator evafuates the soiftiding data 
as the graphed recording (called recorder record) 
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Tigtire 10. Control recorder. 
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Figure 1 1 Radiosonde recorder. 



feeds out from the TMQ-5, figure 11. Notice 
the numbered scale and -pointer located above 
the paper roll in ^he flRstration. The scale 
matches the printed lines on the paper. These 
lines are called ordinates. To divide the recorder 
into time divisions, horizontal lines spaced Vi inch 
apart extend across the page. Normally, the 
^MDgr feeds from the TMO-5 at '/2 inch per 
mmute. 

3-7. These lines provides the TMO-5 oper- 
ator with a reference frame when evaluating the 
\ounding data. As you choose significant points 
within the sounding, the chosen points can be 
time-referenced. Temperature and humidity data 
can also be compared according to ordinate 
value. In a later paragraph, we discuss level se- 
lection and data evaluation in more detail. As- 
signing ordinate values to temperature and hu- 
midity data is not directly meaningful until two 
bits of information become known. You must 
know the actual temperature and humidity value 
ol any single ordinate. Knowing that, you can 
compute both measures for any other ordinate. 



.As an example, if 70 ordinates equals 24"" C, 
then you may, by simple computations, arrive at 
the temperature for any other ordinate. Finding 
this known relationship is the purpose of the 
baseline check. We discuss baseline evaluation 
in a later paragraph also, but the baseline check 
^et is th^next topic of this section. 

3-8.>4(adiosonde Baseline Check Set. During 
prefiiglit preparation of the rajliosonde, the base- 
line cneck sets up the known relationship be- 
tween ordinate and temperature or humidity that 
exists for the entire sounding that follows. You 
mu^t be careful to find the correct equality. 
Imagine the difficulty in equating an ordinate 
value under conditions of rapidly changing tem- 
perature or humidity. Each change in tempera- 
*ture would result in a new ordinate va*lue and 
you could have very Ihtie confidence in the ac- 
curacy of each value. Best resuhs are obtained 
by stabilizing the temperature and finding the 
ordinate that equals a single temperature. 

3-9. The GMM-3 baseline check set provides 
an environmental chamber, figure 12, in which 



in I 



you may secure known and stable conditions of 
. temperature and humidity. Place the radiosonde 
^ in the check set chamber. With the door closed, 
the only effects upon the radiosonde are those 
within the chamber. Temperature within the 
chamber is indicated on a psychrometer which 
you can see through a window. Psychroraetric 
readings also provide relative humidity^ as you 
know. Once the radiosonde is installed in the 
chamber, you can automatically switch the isen- 
sors to measure the temperature and humidity 
within the chamber. The pleasured conditions are 
transmitted ty the check set to the TMQ^5 re- 
corder. On the recorder record, you can see the ^ 
results of the check set measurements. When the 
check set environment settles down to stable 
condftions, you simply observe the psychrometer 
readings and set them equal to the recorded 
ordinates. To make certain that no electrical 
error has affected the signal, reference signals 
are transmitted within the sequence of tempera- 
ture and humidity measurements. 

3-10. The first step in obtaining an accurate 
upper air sounding is to make a valid baseline 



check. K you cannot rely on the baseline ordi- 
nate-temperature relationship, then all other or- 
dinate-temperature relationships obtained dur- 
ing the sounding arc unreliable as well. After 
satisfying the baselinQ requirements, the sonde 
is ready for flight train assembly and preflight 
procedures. Now we shall begin a discussion of 
the flight equipment — the sonde, its components, 
and related flight equipment. 

4. Fli^t Equipment" 

4-1. Compared to the ground equipment, the 
flight units are relatively simple in design and 
purpose. Hdwever, they must be sturdily built 
to withstand the winds at upper levels, but withr 
a sensitivity that is able to detect small changes 
in temperature, humidity, and pressure over a 
wide range. For example, the temperature- sen- 
sor must be sensitive to 1° C. changes within a 
possible range from +25° or 30'' C. at surface 
to -r60° C. or lower in the stratosphere. Similar 
strenuous demands are placed upon the pres- 
sure and humidity seniors. The following para- 




Figure 12. Baseline check chamber. 
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C. Battery 

D. Hypsometer 



^. Calibration chart 
F. Hygrijtor (in can) 



Figure 13 Flight equipment. 
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G. Hygrijtor location 

H. Therr/iistor 



graphs enable you to explain the basic principles 
behind the sensing devices in the radiosonde 'Jfid 
to describe the flight train. 
- 4-2. Radiosonde Sets. This term (riidiosonde) 
describes the completely assembled sounding in- 
strument with battery, transmitter, and sensine 
deyjces.. a; layout of the radiosonde in figure U 
shows 'the shape and relative size of its^seVeral 
components. The terms *'hvpsomcter." *'hygris- 
tor/' and '^thermistor" refer to sensing devfces. 
To begin our discussion, we irivesttsate^the fea- 
tures of the battery and transmitter. - 
;v4-3. Battery. Serving as the power source for 
the radiosonde transmitter, the wet-cell banery. 
in figure 1 3. ^should be activated according to 
iil$ifuctions packed with the battery. Serious er- 
rors can occur if. the battery does not provide 
the minimum voltagtt required. Making a voltace 
check permits- rejection of an underpowered biU- 
tery. After activating the battery, place it under 
a load for about 5 minutes. This allows baiierv 
voltage to build up. Connecting it to the test 
set i.s a gcyd way to load the^ batter\. Reject 
a battery that does not reach minimum voltages 



in an e.s.tablished period of t^me. Once you place 
. ihe battery under load, release t^^^me should be 
within 25 minutes. This keeps bajttery draia to a 
reasonable'Ievel.^Should you ijeed more than '25 
minutes, disconnect the battery./ Y(5u may leave 
the battery disconnected for \5 minutes:, but 
longer than that requires you to make another 
voltage check to again insure/ minimum voltage 
requirements. Batteries placed in storage should 
not be. subjeci to extreme temperatures. Tem- 
perature extremes and prolonged storage en- 
courage deterioration of xhjt battery. A strong 
batter\ is needed to prevent fading signals dur- 
ing a lengthy sounding. 

4-4. Tfansniitter. The/ transmitter depends 
upon the batier\. A -simple locking arrangement 
aiiaches the transmitter to the bottom of the 
sonde. Transmitter frequency is intended to be 
1680 iMHZ (jl2 aMHz). An adjusting screw is 
available for \ou to bring the frequency \\ithin 
tolerance. No other action should be necessary. 
Reject transmitters with broken plugs and trans- 
mitters that cannot be securelv attached. 
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4-5. Sensing devices. Leaving th,^ power and _ . 
transmitting sources of the sonde, our nextNfcpic, 
sensing devices, can be divided into two classes. 
First, we investigate the temperature and hu- 
midity elements. Next, we discuss the baroswitch. 

4-6. Normally/ the temperature eJement 
{thermistor) is factory-installed on the sonde in 
the position shown in figure 13. The thermistor 
is an electrical resistor coated with a white pig- 
ment to reflect solar radiation. Thermistors witf\ 
chipped or soiled coatings may be used for night 
flights, but b|;oken leads or thermistors must be. 
replaced. They should not be repaired. Another 
type of electrical resistor (hygristor) acts as a 
humidity element. Hygristors come packed in an 
airtight can (shown in fig. 13) to avoid exposure 
to handling and humidity bbfore using. When 
you open the can, inspect the humidity before 
u.sing. and be sure to inspect the humidity in- 
dicator if one is packed, to check its color. A 
brue-colorcd indicator shows a usable hygristor. 
Reject the hygristor if the paper indicator color 
is pink or white. Open the container to install 
the h3'gristor just prior to making a baseline. 
Avoid touchifig the film portion of the hygristor. 
taking care to handle only the metal edges 
while installing the element. Reject a hvgristor 
whose film has been touched. Two clips hold the 
element in place within the sonde. Sometimes 
you may find it necessary to bend the clips 
together slightly to hold the hygristor more se- 
curely. 

4-7. Presure ^sjensing devices used in the radio- 
sonde are called the Imro^witch and hypsometer. 
They are not alike — each device has a different 
purpose. Figure 14 illustrates thar the baroswitch 
can be separated into three parts. Sylphon cell 
(A) is an aneroid device that reacts to the^'pre^s- 
.sure changes. The reaction then passes through 
the linkage and contact arm (B) and causes 
movement across, the commutator bar (C). The. 
commutator actually cau.ses the .switching be- 
tween temperature and humidity sensing devices 
so that either one or the other is transmitted at 
any time. 

4-8. A hypsometer pleasures pressure by em- 
ploying a relationship between the temperature 
of an ebullient fluid (Freon 1 1) and atmospheric 
pressure. A small thermistor bead measures the 
Freon 1 1 temperature. The hypsometer conjes 
installed witH the. sonde as shown in figure 13. 
At lower altitudes, the baroswitch measures pres- 
sure. Above altitudes corresponding to about 100 
mbs, pressure measuring is by hyp.someter be- 
cause jt achieves greater accuracy. Thus, a radio- 
sonde equipped with both baroswitch and^ hyp- 
.someter employs one device up to 100 mps and 
switches lb the other device above 100 mbs. 
Sondes not equipped with the hypsometer rely 
on the baroswitch to measure pressure during 



the entire sounding. Reinaining flight equipment 
is separate from the sonde, though attached by 
cord, and is described as jlight train. 

4-9. Flight Train. This portion of the launched 
equipment does not vary significantly from 
sounding to sounding. Even the method of as- 
sembly is hardly different. Normally, white n>lon 
cord ties the flight equipment together. H6av>, 
waxed cord is equally good. Minimum length of 
the train is 70 feet and more than 120 feet is 
unnecessary. A waxed-paper parachute is tied in 
the flight train to slow the descent of the radio- 
jiondc after the balloon bursts. Though the sonde 
is not neavy, falling from altitudes of 100,000 
feet allows it to gain some speed. The parachute 
does not cause the sonde to float lazily to earth, 
but does reduce the amount of damage that the 
falling sonde might inflict. 

4-10. When a release must be made in high 
surface winds, a train regulator permits the 
gradual payout of cord so that the ^nde is not 
jerked aloft at release. Apprpximately 60 feet 
of twine Is wound, ©n a reel and a braking mech- 
anism regulates 'the unwinding. The regulator 
takes the place of most of the normal flight train 
length. The last item of flight equipment to dis- 
cuss is the lifting part — the rawinsonde ballobn. 

4-il. Rawinsonde balloons are spherically 
shaped, thin-walled filpis of natural or synthetic 
rubber (neoprene). "Thin-walled" means a 




A. Sylphon cell 

B. Contoct orm 

C. Commutator bor 



Figure 14. Baroswitch. 
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thickness of from .002 to .004 (thousandth^) of 
an inch when inflated for nrdease. Naturally, as 

, balloon expansion takes place aloft, the film be- 
comes even thinner— perhaps as thin as .0001 
(len-lhousandths) of an inch. In more graphic 
terms, the balloon at release is thinner than a 
piece of ordinary writing paper. A.t its thinnest, 
just before bursting, it would take 100 balloon 
thicknesses to equal a punch-card. The growth 
in size- is equally impressive. From a release 
diameter of 6 feet, the balloon bloorns to about' 

^ 24 to 32 feet at bursting. These statistics help 
you realize the need for careful handling of the 
ballpon during preflight steps. The smallest cut 
or scratch in the balloon surface caused by a ring, 
watch, sharp fingernail or other object, could 
result in premature bursting. Any handling should 
be by the balloon neck (that part which is thicker 
and tougher), where the inflation takes place. In 
fact, the balloon is attached to the flight train at 
the neck, which indicates the strength of that 
portion of the balloon. Either helium or hydrogen ' 

gas provides the lift. 

4-12. All of the equipment mentioned in this 
section, when put together, makes up the flight 
train. There are certain steps to fellow in assem- 
bly, but we will consider only the fundamental 
assembly and the relative position of each item. 
At the train's top or beginning is the balloon. 
After inflation, the neck is tied off, folded up- 
ward once, and tied off again with^'a single piece 
of doubled cord. One end of the doubled cord 
provides an attachment for the parachute, which 
you must tie not more than 5 feet below the bal- 
lobn.^Tie the free end of the parachute to the 
upper eye of the regulator (if a, regulator is 
needed). A ring on top of the radiosonde is *at- 
lache,d-to the free end of the train regulator cord. 
NVithout a regulator in the train,' tie about 70 
feet of cord- between the free end of the para- 
chute and the radiosonde ring. 

4- 13. The ground and flight equipment dis- 
cussed in this section are always undergoing im- 
provements. Electrical transmitting, receiving" and 
measuring equipment is cspeciallv vulnerable to 
change because of the rapid strides in that Jield. 
The equipment in this section represents the cur- 
rent status of rawinsonde sounding. Before the 
actual sounding can be made, some important 
preflight checks and tasks must be done. 

js. Preflight Procedures 

5- 1.' Under the*, title "pr.eflight pr^edures." 
three preparational functions are incliiled. The 
sonde must be inspected. "prepared for flight, 
and checked. Meanwhile, the balloon needs in- 
flating. Filially, the release and its notations are 
included. Some steps must be taken in order. 



Gjjrierally, this section * attempt.s to keep the 
proper order of'evcnl^ when it is important. 

5-^7 Sonde Preparation. Prior to release, in- 
:^pect and- check the sonde. First, compare the 
serial numbers of the sonde and the calibration 
chart to see if ihey match. Each sonde 
equipped with its own calibration chart, as shown 
in the upper portion of figure J 5. A calibration 
chart provides a printed record of the pressure 
corresponding to each segment on the com- 
mutator bar. The only way you can compute 
pressure for the sounding is by counting seg- 
ments on the commutator bar and finding the 
pressure from the calibration chart.- All calibra- 
tion charts are not identical; .thus you must 
check serial numbers to insure the proper match 
between baroswitch and calibration. Reject the 
sonde if serial numbeps disagree. Hypsometer 
sondes must also have a hypsometer calibra- 
tion chart, figure 15 lower. Serial number agree- 
ment here is also mandatory. 

5-3. Having convmced yourself of matching 
calibration .charts, begin a visual inspection of 
the sonde. Examine lie mstalled thermistor, 
checking for breaks or loosened ^solder jomts. 
^Next, inspect the hy^iristor clips for oxidation or 
looseness. Your check of the baroswitch section 
includes the iink.iuc jnd contact arm to see that 
contact is made on the commutator. The com- 
mutator mu.st be free of dirt and corrosion. A 
plastic-covered relav mounted near the baro- 
,switch should be (Recked to see -if it remains 
covered. Make no attempt to clean or adjust the 
rela>. Continue >our inspection to the trans- 
mitter and hypsometer units. Search for breaks 
or visible damage. 

5-4. Next^ -af^cr vis;i^l inspection, put the 
^'Onde through a series of electrical tests. Actually, 
the sonde should have been tested when it was 
received. Otherwise, it must be tested before 
flight. During testing, another source of power 
besides the battery should be Cfised. The first test 
is the radiofrn^quency check which tests the trans- , 
mitter Next is a series of icst^> which check the 
sonde's response to certain reference voltages 
and voltage sjjbiiity. Then you follow with elec- 
trical tests upon the ihermistar.-h>psometer, hu- 
miditv circuit, and relay. Dunng the hvpsometer • 
test, no fluid need be present jn the hvpsom- 
eter. Similarly. >cu can make a valid test of 
the humidity circuit without, installing the hy- 
grislor. If at any point during the tests the 
sonde fails to meet minimum standards as outlined 
in FMH-3. Radiosonde OhservcUions, reject the 
sonde. An acceptable sonde may then be pre- 
pared for sounding. 

5-5. The next step jg. preparing the sonde is 
to activate the battery. Check it too. Install the 
hygristor jn the clips. Again, some electrical tests 
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are made s^.th the sonde, but th/se tests htJmt .S^Baseline is not strictl^^pa^-t of sonde 

Jart of the' sounding- record. tL tests fe re preparaVon. Bas.caUy, the ^""^^^f JP^^P^"^^^ 
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haseline n I " paragraph mentioned the purpose of baseline 
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checks. All testb and checks prior to baseline 
were aimed at valiiSating the physical properties 
of tfic ^onde, its circuitry and sensors. Baseline 
check aims at establishing measurable relation- 
ships between temperature, humidity, and elec- 
trical signaL In"* figure 16, a typical baseline re- 
cording iS|illustrated. While the sonde is in the 
baseline check set environments chamber, the 
sensors are alternately switched Into the trans- 
mitting circuit. The sequence of signals during 
baseline is generally as follows: temperature, 
reference, humidit). reference. This cydt is re- 
peated as often as needed to obtain -a valid 
baseline. Reference signals (at the 95.0 ordi- 
nate) measure the electrical voltage aitd have 
nothing to Ho with temperature or ^humidity 
measures. Reference is vital to show whether 
or not the signals you are receiving from the 
.sensors are properly alined with the recorder 
' paper. 

^ 5-7. After receiving two cycles of baseline sig- 
nals, evaluate for a valid baseline. A valid base- 
. Vint must satisfy the following requirements. 

a. Two consecutive temperature traces (sig- 
nals aligned so that a line connecting the upper 
end is parallel to the ordinales of record). 

h. Two ^onseculive humidilv traces alined in 
similar fashion as temperature: or three traces 
alined in a trend, either rising or failing. Even 
the trend should not vary by more than 0.3 
ordinate between highest and lowest point. 

c. All reference traces must record at 95.0 
vyilhoul adjustment of the controls. When evalu- 
^ating a tract (signal), pay no attention to the 
short tail atj the top of the trace. This repre- 
sents pen drk^ as it moves on to the aext trace, 
and does not measure anything. 

5-8. *When you recpgnize a valid baseline. 

• draw a line across the paper at the top of the 
last humidity trace. This is illustrated Jn/igure 16. 
Draw lines connecting each set of traces to inter- 
sect the drawn baseline. Immediately to the right- 
hand side of the termpe/ature line, enter the t)r- 
dinate values of both temperature (above line) 

i and humidity (below line) traces. These ordinalc 
values are set equal to the conditions within the 
check set chamber. During the sounding, man- 
ual coniputers convert* ordinate values of the re- 
corde4^traces into meaningful temperature and 
humidity^jpeSsures. To use this convenience, lock 
the baseline data into the computer^. 

5-9. One step remains to be done to the sonde 
"before you send^ it aloft. Bfaseiine established 
known values for temperature and humidity sen- 
sors, btit nothing has been Vistablished for the 
pressure. You need to set the^ijaroswitch at' a 
position on the 'commutator bar that equals your 
current station pressure. This procedure is called 
pr^smre-cfintact setting. First, read the station 



^herord. Refer to the calibration chart to ob- 
tain the commutator contact that equals your 
station pressure. Adjustment of a baroswitch de- 
tent screw permits >ou match contact segment 
with station pressure to 0.1 mb. Pressure-contact 

^ netting finishes >our adjusting and checking of the 
sonde. If the hypsometer sonde is being used, 
fill the h>psometer flask with the fluid. The sonde 
is now ready for release; however, a difference 
T)f 30*" C. (54° F.) between indoor and outdoor 
temperatures places a need for exposing the 
sonde before release. Exposure to the outside 
^temperature permits the sensing elements to ad- 
just to conditions. Allow the exposure to take 

. place in a sheltered but unhealed placei^ While 
sonde preparation lakes place, another operator 
should condition and inflate the balloon. 

5-10. Balloon Inflation. It was. pointed out 
earlier that you must handle balloons with care. 
Careful handling begins with "storage. Store the 
balloons away from temperature extremes (less 
than 32'' or above IIO"" F.) and removed from 
large electric motors or generators. Motors and 
generators emit ozone, which is harmful to neo- 
prene. Avoid touching the balloon film with 
bare hands. Because lengthy periods of storage 
cause neoprene balloons to lose some elasticity, 
balloons stored over 1 >ear must be conditioned. 
Conditioning helps avoid premature bursting. 



5-11. Three methods ^of^aUoon conditioning 
are available. Electric conditioning uses a^bal- 
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Figure' 1 6, Baseline check 



loSn condilLOher. This is a box where uniform 
conditions of warm, moist air restore the bal- 
loon's elasticitv. Another method is to immerse 
the bailoon (o^ot the neck) in a smooth tray 
ot hot water fipfT short time (at least '5 minutes) 
and allowing The water to drain when immersion 
is over. If neither of these methods is available, 
hold the balloon over a heater or radiator. Avoid 
direct heat* contact but strive for uniform heal 
conditio;iing. Inflate ih^ balloon as soon as pos- 
sible after conditioning. 

5-12. Either helium or hydrogen gas provides 
the lift. Hydrogen, being inflammable and explo- 
sive, requires extreme caution if you value your 
skin. No smoking during inflation is allowed! 
Avoid rubbing against the balloon with your 
clothing at an> time. The balloon could accumu- 
late a static electcjcal charge that might prove 
explosive. Even riipid inflation could generate a 
dangerous level of static electricity. Inflate the 
balloon slowly regardless of the gas used. 
Brieflv. inflation is as follows. 

5-1*3. Tie the balloon neck to the inflation 
nozzle. Place the desired amount of inflation 
weights on the nozzle. Inflation weights are used 
to control the amount of lift the balloon will 
have. A known amount of lift thu\ permits you 
to , knovv the rate of balloon ascension. Affix 
the weights tmd begin inflation, slowly/ till the 
balloon appears about half-filled. Stop inflation 
and listen for leaks. Reject the leaker. If no leak 
is detected, proceed to full itiflation.* that is. un- 
ti^.. the balloon lifts, the nozzle and wefights. Tie 
the neck with the doubled cord mentioned in 
the section on flight train. Now all parts of the 
flight train are ready for assembly (alpeady dis- 
cussed) and eventual release. 
" 5-14. -Balloon Release. Release terminates the 
preflight procedures, but also begin.s the ob- 
serving and c^V4\luation portion of the sounding. 
Even though a few. hours of complicated evalu- 
ation and plotting lie ahead, a smooth and suc- 
cessful release inspires an inward sigh of relief. 
You have checked, tested, . and protected*" the 
sonde during preflight to arrive at this point. All 
your efforts can be nullified in just 5 or 10 sec- 
onds of sloppy release metliods. Frustration is 
watching the sond^ lift out of your reach- with its 
temperature sensor broken and dangling worth- 
lessly! To prevent this happening; plan the re- 
lease to account/or wind and obstructions near- 
the release drr^This means choosing the actual 
point of release to permit the sonde an«iple clear- 
ance around or above twiVes. towers, buildings, 
or trees towtird which the wind would aim the 
sonde. Another point to consider is that the man 
with the balloon has a more difficult job in con- 
trolling and handling than the mitn - with the 
sonde. Thus, i; is better for the balloon handler 



to walk icss distance from the inflation shelter 
than his partner. The fasijfr the wind, the more 
awkward becomes the balloon. It is practically 
impossible to hold a bajloon steady in a gentle 
or moderate breeze. Make no atteqjpi to release 
alone if another man is available. 

5-15. Part of your release procedure plan 
should be to obtain a release clearance. Proper 
clearance avoids flight conflict between your bal- 
, loon and air traffic. Coordinate with the control 
iower or designated authority to obtain the re- 
lease. Once the balloon is taken oiU of the shel- 
.ter, the release should proceed smoothly and 
rapidly, with no delay. The first observer places 
the radiosonde top-side-up in his left hand, 
grasps the cord with his' right hand 2 feet above 
the top of the radiosonde, and extends the train 
until a slight tension- is exerted on his right 
hand to prevent the train from becoming 
tangled. The second observer renroves the bal- 
lon fropi the shelter. The first^ observer should 
position himself downwind from ^the balloon so 
that it will pass directly overhead when released. 
The second observer releases thS balloon, and 
the instant the train slackens, the first observer 
runs downwind until the balloon takes up the 
slack. As this happens, he raises the radiosonde 
with his left hand and brings the cord forward 
with ^ his right *hand, If the movements of his 
hands are coordinated, the radiosonde will fol- 
low the balloon with no noticeable jerk. Though 
it Ms not possible to illustrate these motions in a 
still photo, (figure 17 serves to point out some 
^olewo/thy features. Notice the padding within 
the .inflanon shelter and especially on the doors 
Enrjergin^ from the shelter with the balloon is a 
criflcal maneuver. An unexpected -gust can slap 
the balloon against 'the door before you can' re- 
act. T4)e door padding may save balloon punc- 
ture^ Fig\ire 17 also allows us to point out an 
improper technique. Despite an apparently calm 
wind (evidenced by a lack of noticeable strain 
on the balloon), the two observers are too clo^e 
together to avoid tangling the train on . the 
ground They should be far enough .-apart to^ex- 
ten,d the train. A tangled train or one that be- 
comes snagged- on the ground results in a^ 
uncoordinated release or even worse — a punc- 
tured balloon or broken sensor. 

5-16. itelease is* accompanied by several, en- 
tries. First, take a surface weather observation as 
close as possible to, the time of release. Enter 
the observation on the recorder recprd and also^ 
on ttfe adiabatic chart. Record the time of releas^ 
(to the nearest minute GMT) on th^ recorder 
' record, calibration chart, and adiabatic chart 
An identification stamp provides a place^for you 
to enter s^atidn, nanie. ascension number of the 
observation, radiosonde' <ierial number, and rea- 




iMgurc 17. Balloon release. 

son for termination within the first 7 inches of 
the recorder record. A short time before release, 
allow the recorder to print at the zero ordinate. 
Exactly at release, turn the recorder to ON and 
note the time. 

5- 17. An accurate and timely rawinsonde ob- 
servation takes three operators working as a 
team. One man evaluates the recorder record, 
another plots the* adiabalic- charts and codes the 
raob. the third plots winds and codes them. The 

"next three sections outline the duties of these 
operators. 

m 

6. Recorder Record 

6- 1 As we, previously mentioned, the TMQ-5 
radiosonde recorder provides a graphic record 
of the electronic signals sent back by the sonde. 
Your team of three splits up after release to 
work each of the three positions. This section 
deals with the operation and evaluation of data 
recorded on the THQ-5. Since the recorder man 
first evaluates the transmitted data^, his evalua- 
tion ana accurate computati'ons affect the re- 
mainder of thZ-observation evaluation. The re- 
corder man haV four major, rjssponsibllities.* 

(1) Selecting levels of significance. ' 

(2) Evaluating levels selected. 

(3) Recording the data evaluated. 

(4) P'-c'viding'the selected levels to the charts 

6-2. vt. these responsibilities, the re- 

corder ks with temperature and humidity 



cvalualofs which, were set up during the baseline 
check. Setting'up means locking in the conversion 
factor bciweciu temperature, humidity, and ordi- 
nate that you oB"tai(ied during baseline. You also 
must refer to the\ calibration charts to know 
where mandatory pressure levels occur in the 
sounding. A transparent straightedge provides a 
trer^iing tool between levels. Your understanding 
of the recorder record evaluation begins with 
definitions 'of some common terms. « 

6-3. Trace' IS the name given to the recorded 
temperature, humidity, gnd reference signals. 
Temperature and- reference and some, humidity 
'traces , appear as inverted Ls: Other humidity 
traces are tong, sfoping lines. The little tail part 
of the trace is pen drag^mpon the paper as the 
pen mo;ves to the next signal. A ^contact on the 
recorder record begins at the top of a tempera- 
lure trace and^ends at the top of the next suc- 
ceeding lempcratiire trac?. (See fig, 18.) The 
base of, .a reference or. humidity trace will nor- 
mally^have the same value as the top of a tem- 
perature trace. CorTtacjts arc printed on the cali- 
bration chart and are used to calculate pressure 
during the sounding: Ordimhs ,dxt the' vertical 
lines on. the recorder graph. The evalu.'ted ordi- 
nate for temperature and RH traces is determined 
and recorded to the nearest tenth. Reference is 
the term for tho.se traces that indicate the record- 
ing accurac> of the T.VlO-5 recorder. Low ref-. 
erences print on the 95ih ordinate. They are^ 
transmitted for each contactydivisible by five be- 
tween surface and 30 contacts. Between 30 and 
125 contacts, they appear for every fifths con- 
tact' not divisible by 15. High references print on 
the 97th ordinate. T^e\ print every 15 contacts 
between- 30 and i2'i cor,v^As, Starting at 130 
contacts, they are transmuted c\.r;' fi\«-' vritacts. 
Trending, refers to the slraightedg.^ examination 
of the traces. The purpose of trending is to de- 
tect significant changes in the slope of traces for 
possible placement of levels. Selected le^.eis then 
are evaluated and considered later for trans- 
mission in the radiosonde code. 

6-4. The^ recorder man selects three types of 
levels: mandatory, significant, and additional. 
The mandatory levels are 1000, 850, 700, 500, 
400. 300. 250. 200. 150. 100. 70. 50. 30, 20, 10. 
7. 5, 3, 2, and I mbs.^'rtiese selected levels al- 
ways appear in the code. SiMnii'icam levels mark 
the' boundaries of layers having different -fcmX 
perature lapse rates or vertical humidity slopes.j 
Place the first significant level at release point. 
Thereafter, significant levels, revealed by trend- 
mg. are placed randomly. Random selection, . 
perhaps. Is not a completely accurate description. 
A priority has been set for selection. 



6-5. -Trend and select levels for temperature ^ 
departure first, additional levels second, and rel- 
ative humidity levels last. However, when select- 
ing levels for temperature, ^tay aware of the rel- 
ative humidrty trends so- that, when necessary, 
you may select a level to reflect changes in trend 
of both temperature anU relative humidity. When 
the levels have been selected and, the evaluated 
data plotted on the adiabatic chart, th^ resulting 
curves must closely reflect the profile of the re- • - 
cordpd traces. They must agree everywhere with 
the traces within itl^ C.from the surface -up to 
and including 100 mb and :i:2^ C. from 99 mb. 
up to and including the termination, and with- 
in 10 percent relative humidity for all humidity 
evaluated. 

^ , 6-6. Additional levels, include several signifi- 
cant reasons for selection, one of which is the 
point of balloon burst; If no balloon burst can 
be determined, select the highest usable point 
on the recorder record". Place levels at the be- 
ginnings and endings of strata whose tempera^ 
ture is classified as missing or doubtful,, and also 
when humidity is classified as missing. Select an- 
other level'within each missing data layer. Place, 
a level to mark the base of an icing layer when it 
occurs. 

6-7. Each selected -le^el is then evaluated fdr 
temperature, humidity, and^pressure contact. This 
means reading the ordinate value' of the tempera-^ 
ture trace (or trend) that intersects your chosen 
level. The same is done for humidity. Pressure 
contact is determined by counting the number 
of contacts that have elapsed between release^ 
and the chosen level. Enter all of this informa- 
tion af the level chosen and near the tempera- 
ture trace, as shown in figure 19. ^ 

6-8. Evaluate temperature by the left-hand 
edgp of the trace. R6ad the ordinate value* to the 



nearest tenth. By use of the temperature evalu- 
ator, yDu obtain a corresponding temperature 
value for the ordinate foond above. Evaluate 
humidity also by the left-hand edge of the trace, 
and read the values to the nearest tenth of -an 
ordinate. Assign the contact number to the level 
after you have estimated the proportional part 
of the contact at which the level occurs. Enter- 
contacts to the nearest tenth. There is no need 
for you to count all the contacts one by one 
from the release'^level. You may begin counting 
from the last reference trace. They prinf at every 
fifth contact and you number theto as they ap- 
pear. ' 

6-9. At each high and Igw-reference contact, 
write the contact number (5, 10, 15, 20, etc.) 
to the right of the reference trace, provided that 
the contact number is a multiple of 5. Connect 
each successive recorded low-reference (omit- 
ting high references) contact with a straight Itne. 
termed the "drih line". Drift occurs on the re- 
corder record when the low or high reference 
traces do not print on their respective ordinates. 
Drift may be corrected by a manual adjustment 
at the TM(3-5. Drjft line is an important indi- 
cator because, if it shows the reference traces 
arp off, then perhaps the temperature and hu- 
midity traces ace -off as well. Thus, drift line 
must always be drawn to indicate the accuracy 
of the electrical signal. 

6-10. At the bottom and top of each low- 
reference contact. an<i immediately to the lett 
of it! enter to the tenth of an ordinate, the dif- 
ference between the low-reference trace and 
the ninety-fifth ordinate. Prefix the correct alge- 
braic sign that would move the trace back to its 
proper position. If the difference is zero, enter 
0. These entries ar^ called "low-reference drift 
correction.'* Your objective should be to main- 
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tain zero drift, when .possible^ Another feature 
* that you need to ^watch for during a sounding is 
" 'a shift of ail eiemchls. A shift is recognized as 
an abrupt sideways movement of the recorded 
traces: drift is gradual. Both drift and shift of 
the traces need to be corrected. Also your evaiu-^ 
ation of the traces must take into account the 
error introduced by drift, shift, or both. 

6-11. The levels you select must be evaluated 
and labelled. Recorder record entries are all 
made in pencil. Your level data becomes the raw 
data that the charts man uses to construct the 
adiabatic charts.' On levels selected, enter the 
elapsed time frdm release. Starting with the re-, 
lease level (surface), ycfu begin with 00. These 
time entries are made using the first digit as whole 
minute{s) and the second digit as tenths of min- 
ute(s). Use three digits above 9.0 minutes. Con- 
tinue to .use the baroswitch trace for pressure 
evaluation until' the difference dt thjs pressure 
value and the hypsomcter is 0 mb. If you find 
no point where the difference is 0 pnor to the 
point where the barosv^jich trace indicates 15 mb. 
usCf the point of least difference if it is 3 mb 
or less.' If the closest point of difference is srtater 
than 3 mb, continue using the .baroswitch fraeos ^ 
for the remainder of the somiding. Whdn the 
^abovc conditions are rjt. use tlid^hyp&ometer 
tr^ace to evaluate pressure data for the. remainder, 
of the flight except when the hypsomcter fafls. 

6-12. Your evaluatiorr accuracy of tempera- 
ture, ^fiomidity, and contact is critical to - the 
eventual accuracy of the code. The temperature, 
humidity ordinates, and pressure contacts that, 
you give to the charts man provide him tlie 
raw djiia for converting to actual temperature, 
humidity, and pressure measures. Our next s(?c- 
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lion looks into the duties of the charts man* as^ 
we follow the raw' jidunding data to its second 
^tep in processing. \ 

7. Plotting The WPC 9-31 

7-1. The recorder man selects significant fea- 
tures that OCCUR dflring the sounding and evalu- 
ates those points through the use' of significant 
and additional IcvcL The charts man transfers 
these significant iVuiures lo'ihe adiabatic charts 
by constructing "he/ points into plotted, curves. 
The charts plotter has- the following tools to 
achieve this task: a series of three adiabatic 
charts— DOD-W PC 9-31 (A. B. and C). a tem- 
perature evgluator. humidity evalcator. calibra- 
tion charts, and a psychiomeiric computer. 

* 7-2. The lir:»i step in charts plotting is to enter 
the data {called out by the recorder operator) 
into a data block provided on the chart. Space 
is allowed in the data block to enter the con- 
verted r^w data Use the calibration charts to 
convert contacts into pressures. Convert temper- 
ature and humidity ordinates with the *eva!uators 
mentioned above.^ * ' 

,7-3. Bctore disdussing the plotting of the con- 
.veftcd data, a brief discy^sion of the adiabatic 
tharts would be helpful' to you. The adiabatic 
chart serie,s provjdds'a vertical pressure profile 
three stepv Chart A fWPC-9-3IA) covers the 
range from surface t6-400 mbs. Chart B. allow- 
ing for overlap, covers from 500- mbs .to ICQ 
mbs. Chart C. also overlapping, takes the sound- 
ing, from 125 mbs to 1 mb.. Each chart ha^ a* 
temperature scale alined horizontally, a smaller 
humidity scale near'one edge of the charr and. 
finally, a height scale graduated i^ongside the 
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temperatite scale. Though the chart jseems 
crowded, the scales are expertly placed so that 
three curves may be plotted without conflicting 
wiih 'each other. / 
7-4. Begin plotting by drawing the .first level 
entered in the data block at the proper pressure. 
Upon the level, plot the converted temperature 
and humiditvlrmeasures^ Continue plotting levels 
and connecfmg plotted points so that two verti- 
cal profiled begin to develop. One profile repre- 
sents the temperature of the sounding and the 
other, humidity. With these two profiles started, 
you may begin Jhe third curve. It is called the 
pressure altitude curve. The PA curve con- 
^ st/^uctior\ relics upon twa facts. First, the PA . 
curve begins at surface elevation, a fact which 
you can easily obtain. Further, PA construc- 
tion depends upon computing a thickness value 
(in ^meters) between pressure levels. Thick- 
ness* is^ based on. knowing the temperature and 
humidity between the desired levels.^Since the 
temperature and humidity profiles are started 
first, you may easily compute the thicknesses right 
from the chart itself. It is the PA curve which is 
vital to winds plotting. That task is discussed in 
ihe next section. The final responsibility of the 
charts man involves encoding the data for trans- 
mission* 

7-5. Volume 3 contains a complete break- 
down of Radiosonde Code. There is no- need to 
repeat that discussion. Instead, the selection of 
levels, to be transmitted from the plotted adiabatic 
chart needs to be considered. The mandatory 
Ifcvels provide,,?i good profile of the sounding, 
but they do not guarantee the reporting of all 
significant features observed. Significant levels fill 
in between the mandatory ones. Some reasons 
fgr selecting significant levels are in the list below. 

• Surface. 

• Bases of clouds and icing. 

• Highest and lowest temperature on plotted 
curve. 

Highest and > lowest humidity ,on plotted" 
curve. ' , * 

■ • Bounding levels of niissing or doubtful tem- 
perature. 

• Bounding levels of *missing humidity. ; 
^ Termination. 

^Upon selecting the levels listed above, one more 
rule for level selection should be considered. A 
sufficient number of levels should be included 
so that a lipeiir trend between any two sigm{icant 
levels already selected (for reasons above) gives 
a close approximation to the observed data.' The 
term *'close .approximation" is defined in two 
.ways. For the portion of the sounding below the 
300 inb level, close apt)roXfmation means 1** C 
Thus, a trend between any two significant levels 

.cfiosen fQj^ transmission should fit the plotted 



curve within l^'^C. Above the 300 mb level, 
close approximation means l"" C. A trending rule 
applies to the plotted humidity curve as well. 
**Close approximation" to the humidity curve 
means within 10 percent. Uusally, after all the 
levels are selected for the other reasons, the hu- 
midity curve is already closely fitted and trending 
for humidity adds no further levels. 

7-6. These selected levels, mandatory and 
significant, are coded in the radiosonde form. 
The coded levels are placed into message form — 
Parts A, B, C, D and first or second transmis- 
sion. Where you encode the level depends upon 
the type of level and its position in the sounding. 
The reason for t^yp transmissions is to avoid de- 
laying the data in order to finish evaluating and 
encoding the entire sounding. The 100 mb level 
has been selected as the dividing point between 
transmissions. It is felt that if the radiosonde data 
up to 100 mb (Jan be transmitted as soon as pos- 
sible, a vital part of upper air data is available 
to users. The first transmission also contains i 
tropopause information, a level (or levels) which 
is selected separately from the others and coded 
separately at the end of Part" A, Radiosonde 
Code. 

7-7. It is considered important for data to 
reach the users as quickly as possible- after 9b- 
servation. This is true in all phases of weather 
observing. Some weather data is considered per- 
ishable; that is, the older Jt becomes, the less 
useful it is. For this reason, certain information 
obtained by sounding is made availa^e even be- 
fore the first transmission. Early transmission 
messages contain this early data. 

7- 8. Code, for early transmission, the follow- 
ing information: the usual data for the 850, 700, 
and 500 mb pressure levels and the stability in- 
dex. Stability indexes a measure o£ the tendency 
of the atmosphere to rise (as in convection) or 
settle (as in subsidence). Early data transmis- 
sions are useful to* the meteorological and fore- 
cast centers in preparing their products. This 
gives the data an important role and explains 
why it is needed early. The charts man, then, 
fills a central role in the rawinsonde team. He 
turns the raw recorded data into actual meteoro- 
logical measures. From plotted curves, he brings 
together the coded dab for transmission. One of 
his plotted curves, the PA, is vital to the compu- 
tation of wind^. ' • 

8. Winds Aloft ^ ^ 

8- 1. In this short Section, the task of plotting 
winds is considered. The winds plotter relies on - 
tKe PA curve from -the charts plotter. However, 
the charts plotter relies upon the coded. winds, 
from his parther To' complete the rawinsonde 
code mandatory levels. Undeniably, the rawin- 
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sonde team tnily relies upon teamwork. ' This 
chapter*s last section is brief because the details 
of .plotting winds upon the A-1 plotting set, 
computing HDOs, and measuring speed and di- 
rection have ail been discussed m the pibal sec- 
tion of this volume. Consequenrfy, only a brief 
overview of the tasks through the plotting of 
winds upon the ML-514 plotting board is give^ 
here. Main emphasis is 'upon' the selection of 
levels for encoding and the construction of the 
upper winds code. 

8-2. Winds-aloft observations are evaluated 
by projecting the path of the balloon onto a 
plotting board and measuring the displacement 
over a given interval of time. Wind directions and 
speeds are computed for specified time intervals 
and plotted against altitude on a graphing board 
to provide a vertical profile of the wind move- 
ment around the station. The observed eleva- 
tion and azimuth angles are recorded by the 
plotter. His task is to convert these angles into a 
minute-by-minute picture of the direction the 
balloon took and the horizontal distance out 
(HDO) it travelled from the release site. From 
this plotted picture, and using scales specially 
constructed,' he may derive windspeed and direc- 
tion for each minute. All of this is done on the 
A-1 plotting set. Then he plots the speeds and 
directions on an ML-514 graphing board to 
construct continuous curves from surface to ter- 
mination. Windspeed and direction can easily 
be extracted from the graphed curves for any 
height interval desired. 

8-3. The final step in prepanng the wind data 
-for teletype transmission is encoding. The code 
provides a standard formal used by all rawin- 
sonde stations. In coding wind data for (Supper 
winds code, you must remember two 'things. 
First, there are certain mandatory (fixed) levels 
that have to be sent, out on all observations. 
Second, there are significant levels of wind data 
that must be evaluated and transmitted Also, 
the mandatory pressure levels of radiosonde 
code contain wind data if" it is available- in the 
soimding. 

8-4._Pbtaining the fixed level data is a simple 
task. Aline the movable ^caJe on the ML~514 
at the required altitude, and read the speed and 
direction. from the plotted curves. No conversion 
of values is necessary — just read and enter. Up- 
per wind code, like radiosonde code, ,is' sepa- 
rated into two transmissions. Fixed levels of 
upper wind code are listed below by transmission. 
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and for every 10,000 feel level upward. 

8-5. Significant levels chosen for transmission 
in upper winds code fulfill the same purpose ^s 
significant levels in radiosonde code. The defini- 
tion of a significant level is: A level at which an 
abrupt change in speed and or direction occurs. 
Consider 10 knots as an abrupt change in speed 
and 10^ as an abrupt change in direction. Addi- 
tional significant levels are the surface wind level 
and the highest level attained for wind data rep- 
resenting the first and last significant levels. 

8-6. First code the fixed levels. Then start 
trending between the fixed levels looking for the 
10 knot and/or 10* deviations. When you find 
a deviation, select the nearest 1000-foot altitude 
and code it as a significant level. There are two 
other possible wind levels that you may choose. 
One is the maximum wind group; the other is 
tropopause level wind. Maximum wind groups 
appear in both radiosonde and upper wind codes. 
To qualify as a maximum^ wind, the speed must 
exceed 60 knots. If no sucff speeds exist during 
the sounding, report no lesser speed. When a 
tropopiuse has been recognized 'and reported in 
the radiosonde code, you must supply the wind- 
speed and direction at that altitude for inclusion 
in radiosonde code. 

8-7. Radiosonde code is an extremely vital 
product. The team taking the sounding must 
work quickly and in hfrmony. The transmission 
schedule for the first portion of the cod§ allows 
no \yasted time after the sounding terminates. 
Since the recorder operator is first to finish, he 
aids the'man who stands in need the most, The^, 
winds plotter waits upon me PA curve from the- 
charts plotter. Thus, if the completion of the PA 
is lagging, the extra help might best* be used at 
that point. Each man keeps the objective in 
mind and works toward it — the on-time trans- 
mission of the radi^feonde coc^#. Parts A and B. 

8-8. Refer now to the rev^eAv exercises for 
Chapter 2 in your Workbook before goi^ng on" to 
the next chapter. * 
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CHAPTER 3 



Rockeisonde and Dropsonde Observations 



IN ROCKETSONDE operations, instrument 
packages and sensors are boosted into the upper 
atmospiierc by small soiid-propcllant rockets. 
^Da;a are gathered by surface-Has^d Instrujnen- 
tation as the payload det:'; d Dropsonde in- 
struments, somewhat similar to the type used in 
rawinsonde, are ^ejected from^ specially equipped 
aircraft, and data are recorded from the descend- " 
ing payload by airborne instruments. Rocket- 
sonde and dropsonde obsetvations fulfill vital 
Air Force requirements for meteorological data 
above rawinsonde altitudes or in areas where 
upper air data would otherwise be unattainable. 

2. Weather observers, preferably those ^yith 
rawinsonde training and experience, ^are thor- 
oughly screened prior to selection for duty in 
these highly specialized observing functions. Your 
technical proficiency, initiative, dependability, 
judgement, and team spirit are factors that are 
carefully considered. Since only a small number 
of observers (less than 200) are normally em- 
ployed in these subspecialities^ ^no formal Air. 
Training Command (^TC) courses are provided. 
Selectees for focketsqnde duty mu^^t complete a 
5-week Rocl;<..iorN'^ Indoctrmatioi Course (Air 
Weather Service !\-^ulation 30-1) which is con- 
ducted at Vj^rndenberg AFB, 'California. Exten- 
sive On-TheJjb*.1rraining (OJT) is also required 
•before >on«,wan certified and allowed to work 
without the' (fired .supervision of -a qualified rock- 
ct5^nide operator. Safoiy is continually stressed 
rhrouiihout nhe irafning phases as well as during 
iictuaf dperations. After the Rocketsonde •In- 
doctrination course,' befdre becoming an Air- 
borne Wcjilher Observer/ you'^ must complete 
approximately 2 weeks of ground* training and 4 
weeks of ai^b^^nie- training Tl)is training is con-. 
, ducted by the feather Reconnaissance , Squad- ' 
ron to which you\re assigned. - . 

3. This chapter^ provides background, basic 
facts, and principles relating to rocketsonde and 
dropsdnde observations* h gives illustrations; de- 
scriptions and examples pf various equipment; 
identifies observing methods; pnd identifies basic 
procedures for taking, recording, and, dis^emi-' 



nating the observations. As you study this chap- 
ter, you will note many parallels and relation- 
ships to rawinsonde observing. Thus, your 
knowledge of rawinsonde, gained through formal 
training, from expqjience, or from this volume, 
will be most b'eneficial in your study w this 
material. 

9* Rocketsonde Observations ' 

9-1. Dr. Robet H. Goddard, a Clark Uni- 
versity physicist, conducted extensive research iQ 
rocketry between 1914 and 1941 and success- 
fully tested the world's first liquid-fuel rocket in 
1^6. His proposal tg^jise sounding rockets to 
probe the atmosphere was not seriously con- 
sidered by * the scientific conimunity unlil" after 
WW 11. Before thfs time, upper atmospheric me- 
teorological' data was gathered primarily by the 
rawiflsonde system, which had a maxiraum aiti- ^ 
tude capability approximately^ 100,000 feet. 
As aerospace technology and etnphasis rapidly 
increased following WW II, it became apparent 
that too little was known about the region of the * 
atmosphere above rawinsonde altitudes. What 
effect would air density, radiation, and atmos- 
/ pheric motion have on aerospace vehicles? What 
effect ^'ould they .have on the weather below? 
^The 4eveiopmcnt 'and successful operation^ 6f 
weath^ satellites in 1957 .provided .the means 
for gathering data above 500,000 feet. How- 
ever, some method of probing the void between 
100,000 and 500;000 feet was still needed. The 
meteorological rocket was developed to fulfill 
this requirement. The developmental effort cen- 
tered around' procuring a system which was fairly 
easy to handle and which was reliable but rela- 
tively economical. Since explosive components 
. and small missile systems were involved, safety 
v^was. arid continues to b&, of prime concern. The 
Volid-propellant-type rocket motor, was deter- 
min<td to be the most feasible booster, (See fig. 
20.) Various payloads/ including radar, reflec- 
tive chaff, telemetry, packages (sondes); and 
passive spheres (balloon-like •/devices called 
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Figure 20. Two lypcs of rockets. 



ROBINS), were developed. These payloads 
were compatible with eicisting radar systems and 
Ground Meteorological Detection (GMD) sets. 
This allowed use of the same GMD for tracking 
both rawinsondes' and rocketsondes and signlfj- 

- cantly minimized the cost of ground support 
equipment. By the end of 1959, sufficient testing- 
.had been completed to consider rocketsonde ob- 
serving operationally feasible. In, addition, par- 
ticipating missile ' ranges and affected Govern- 
ment agencies formed -a Meteorologit^at Rocket 
.Network (MRN). This served to comljine the 
ef^rts of all participants and. resulted in signifi- 

. cant advancements in the pvcrall rocketsonde 
program. In 1962, the Air Foree organized .its 
own centrally managed network. In 1968, this 
network was designated "Air Force Environ- 
mental Rocket Sounding System (AFERSS)'' 
and^ in effect, replaced/- the^ old MRK The 
AFERSS is Cpmprised U tlSAF-operated sta- 
llions plus, cooperative staV(on^hat are operated 

' ^by the US Army, US Navy, contractor person- 
nel, various US governmental agencies, and the 



Canadian Forces. (See table K) The AFERSS, 
managed by Headquarters, 6th Weather Wing, 
Andrews AFB, Washington, D. C, has proven 
to be the most effective and economical means 
of providing % rocketsonde data to meet USAF 
needs. The AFERSS has-been instrumental in 
standardizing rocketsonde ^ procedures and de- 
veloping improved rocketsonde systems. In the 
following section, we will discuss the compo- 
nents and capabilities of the- more common sys- 
tems-. 

9-2. Meteorological Rocket Systems. Com- ^ 
mbnly used meteorological rocket systems" are 
categorized into nhree basic families: ARCAS, 
LO'KI,' and SUPER LOKI. These terms are the 
common names of the solid propellant rocket ^ 
motors used to boost rocketsonde payloads into ' 
the upper atmosphere. When one of the v'ariotis 
payloads is attached to a rocket motor, ihe as- 
sembly becomes a rocketsonde system.:.. ^ / 

9-3. ARCAS systems. The^\w,ere fthe 'most 
widely used rocketsonde systems through 1968. 
They include thd PWN-6A and PWN-7A, „as^^ 
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SOTSS: 

1. Function*: 7 « tait support; K - natvoric support. 

2. ffatvoric' Launch Schadula: 

a. Cna launch par ve«Ic - scS^^d on Vednaidaj. If unahle to aeet achldule, reschedule for Friday. 

b. Tvo launchas par veek - schadultd on ^Sonday and Friday. 

c. Three launches per veek - scheduled on Monday, Wednesday, and Friday. 

d. Fooxr launches per week - Konday," Tuesday, Thursday, and Friday. 

e. Fire laux«shes per week - Dailjr, Kbnday through Friday. 

♦Network launches aj^e conducted by TJ& JIavy with US Navy assets. . \ 

•♦Network launches to include one additional launch weekly (Vad) for acquisition of xeteoro logical d^a to 122 
(Ref parm >(2) basic plan. Subject launches to be coaaence^E in 2<Jjqtr of CT/Cif capability eadstsr. JJh« 2 
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shown in figures 21, 22, and 23, all powered by 
stanjjasd 4,5-mch ARCAS bo'osters (racket mo- 
tor SR-45--AR-1). The booster is initiated by 
an electrically activated igniter. 'The motor bums 
for 28 seconds, ignites, a 100-second delay fuse 
and continues to coast to an, apogee, (point of 
highest ascent) of more than 200,000 feet. T|ie 
actual altitude, varies with latitude, .station alti- 
tude, and launch elevation. At the end of the 
' 128-fiecond period, the delay" fuse ignites a small . 
explosive charge that separates the payload Jrom 
the spent booster. The spent booster continues' 
on a ballistic trajectory and impacts 20 to 40 
miles downrange. The payload^ (sensor) .descends 
to. the surface, following the path of the pre- 
vailing winds. 

9jj4. LOKI systems. Since 1968,, the LOKI 
hasv^become the most widely used meteorologi- 
Vepkejt^sxjtem. It costs and weighs approxi- 
mately h'ati^s much as the ARCAS and has 
basically the same altitude and data ||g)ability. 
The LOKI, as showft in figure 24, is a two-stage 
system consisting of a 3.0-irich booster (rocket 
mptdr SRti-AD-.l)' and 4n inert dart that 



houses the payload. FigS^ 25 shows tl\e pay- 
ioad ejection assembly, in LOKI systems,, both; 
the booster jgniter and a 1 1 5-^.ecpnd time-delay 
fuse are initiated electrically at launch. The boos- 
ter burns for approximately 2 seconds, after 
which it separates from the dart, . b^oraes Un- 
stable and falls back to earth in the vunnity of 
the launch point. The nonpropulsfve dart con- 
tinues to its apogee, where the delay fuse ignites 
an explosive Charge that forces the payload out 
of the dart,, as shown iiyfigurc -26. 

9-5. SUPER LOK^l systems. In^^impler terms, 
the SUPER LOKI is just a larger, improved ver- 
sion of ihe '«;Btandard LOKI, as shown in figure 
27. TllM.O-inch booster was designed to carry a 
larger dart and starute (parachi^te-like device) 
for' more payioad. Chaff payloads and standard 
datasondes have been successfully flown ta date. 
Development of a trahsponder-sonde and a 
ROBIN payload is currently in progress. These ^ 
developments will provide an altitude capability 
ranging from approximately 250,000 feet with a 
transponder instrument to near 350,000 feet 
with- ROBIN and chaff payloads. 
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PWN.6A ROCKET 




PWN.7A ROCKET 
Figure 2I.»PWN 6A and 7A rockets. 



9-6. High-altitude probes. In cases Wihere 
specific requirements exist for data up to 400,000 
or 500,000 feet, larger probes are available'. The 
Viper-Dart, an even larger version of the LOKI, 
and f^he Sparrow-ARCAS, a two-stage vehicle 
with booster, have seen limited use on major 
missile ranges. However, no wide usage of these 
systems is contemplated within the AFERSS. 

9-7. Launch and Associated Ground Equip* 
ment. In the following paragraphs, we will discuss 
the equipment required to launch the various 
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rocketsonde systems covered in the previous 
paragraphs. 

9-8. ARCAS launching equipment. The 
LAU-4I/A rocket launcher is used to launch 
all standard ARCAS systems. It is 3 closed 
breech launcher and is adjustable in azimuth 
and elevation. The launcher consists of an azi- 
muth-table and base assembly, free-volume cyl- 
inder, launching tube, breech plate, and breech 
lock, as shown in figure 28. An auxiliary gas 
generator,^ as shown in figure 28, is used with 
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Figure 22. PWN 6i«' pay load. 
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Figure 23. PWN 7 A payloid. 



the launcher when increased launch velocities 
are desired. 

• ±0KJ/SIJPER LOKI launching equip- 
56/A rocket launcher is used 
launchallL^KI and SUPER LOKI vehicles. 
.consjj^t^oTV/flw/icAer base, pedestal assembly, 
juppf^t assembly, 3n±rail assembly, as shown in 
29. The standard rail assembly is replaced 
a larger one to launch SUPER LOKI sys- 
tems. The LAU-66/A is an open breech vari- 
able seating launcher with four helical rails, shown 
set up in figure 30. The rails impart a stabilizing 
spin of approximately 10 revolutions per second 
as the vehicles leave the launcher. The DCU- 
I47/E Firing Station was specifically designed 
for use with PWN-8B systems. However, it is 
compatible with any LOKI or SUPER LOKI sys- 
tem. The firing station is used to test the instru- 
ment (datasonde) and to initiate th6 rocket mo- 
tor igniter and dart tail delay fuse by remote 
control. 

AN/FMQ.di CONTAINS IX^lSlON CHAIGC 

f 

AN/FMQ.6) CONTAfNS CtiAft PAYIOAO 



9-10. High-altitude probes such as the Viper- 
Dart and Spanow-ARCAS are launched from 
rails that are adaptable to various types of 
mounts. Since these systems are normally 
launched from major missile installations, ex- 
isting probe launch facilities such as NIKE, 
SCOUT, etc., are generally used. 

9-11. Wind Weighting and Ballistics. Four im- 
portant factors must be considered in discussing 
wind weighting and ballistics. First, all meteoro- 
logical rockets become nonguided, nondestnict 
missile .systems after they are launched. Second, 
a rocketsondc , system cocks into the' wind dur- 
ing the powered phase of flight because of the 
vehicle's configuration and the forces affecting it. 
A tailwind tilts the vehicle up, a headwind 
forces it down. Third, the missUe flight and debris 
impact must be contained within designated 
range limits. Fourth, if the system does not go 
where it is supposed to go, loss of life, person- 
nel injury, property" damage, or— at the very 
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Figuw^M. ^^Kl rocket system. AN/FMQ--6 and PWN-8( ). 
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Figure 25. LOKJ payload ejection assembly. 



least — failure to obtain desire3 data; could Je- 
suit. Consequently, these factors must be com- 
pensated for before the vehicle is launched. 
After launch, it's too late! 

9rl2. Launch Operations.^ For efficient and 
accident-free rocketsonde operations, a detailed 
countdown checklist is .prepared and used. A 
different countdown is required for each launch 
site and each rocketsonde system. The checklist 
specifies what will be done, when iittujlbe done, 
and who will do it. Depending up3!r launch 
scliedule and locati'on,^ prelaunch activities ,may 
begin a$ early as 1 to 2 days before the launch. 
, Whc^a SQnde-typ0 _ paylpads, are -^involved, they 
are thdroug.hly/checked in sufficient tlm^ to avoid 
launch "djj'Iays. rAU personnel and ^agencies in- 
ypiycd in |j|c operation are notified fafenaugh 
in advance to malce*the necessary preparations; 

9*- 13. Uncrating and handling. You will re- 
ceive, rocketsonde components in various types 
of containers, shown in figures- 31 through 
36. . The' containers can be opened by removing 
ihd bands, screws, nails, or tape which holds 
them togetlier. If special ipstnictrons apply, you 
can find them on the container or in the appli- 
cable JO or TM. Containers of explosive items 



are clearly marked showing the type and quan- 
tity. All items $re normally stored and trans- 
ported in their original containers. Rocket motors 
and assembled rocketsonde systems are always 
handled by two men. All other explosive items 
are handled In accordance with the provisions 
of AFM 127-100, Eixplosives Safety Manual, 
The basic principle to remember is this: Expose 
the least number of 'personnel to the least amount 
of explosives for the least amount of time pos*- 
sible. Persons who handle explosive .Jjcms must 
wear safety helmets, safety shoes, and- clothing 
which will not produce static. They arc not per- 
mitted to wear rings, watches, etc., or have 
, other exposed metallic objects on their persons 
-whjle handling explosives. 

9-14. Prelaunch testing. Here we must con- 
sider three major areas — payloads, firing circuits, 
and electro-explosive devices (EEDs). 

a. Instrument payloads for ARCAS systems 
(ARCASONDE lA and DMQ-9) are checked 
in a baseline check set, similar to the way in 
which radiosondes ^are preflighted. Figure 37 is 
an example, of a baseline check record. LOKI 
instruments (d^tasondes) are changed and tested 
for signal strength, modulation, and operation of 
the reference switching circuit. Instrument per- 
formance is rechecked on the launch pad before 
the system is assembled (pad check). The fmal 
check is made shortly before launch, after the 
system is loaded uito thejauncher (tube check). 
Figure 38 is an example of this check on the 
recorder record. 

h. Firing circuit checks are extremely impor- 
tant. Have you ever had ^ -gun ifiisfire, or fire' 
accidentally? We 'carefully and thoroughly check 
all aspects of the electrical circuits to prevent 
such an occurrence in rocketsonde operations. 
The firing panel, firing, lines, and launcher are ^ 
checked to insure that the proper voltage gets 
to the* proper place (voltage checks). Additional 
tests are made to check for stray voUage (zero 
voltage check), before hooking up ighiters, sep- 
aration devices, and~fifrirg lines." 

c. Igniters and separation devices are not se- 
lective. They can be activated by electrical cur- 
rent, static^ electricity, or ^adiofrequency (RF) 
enerjgy. "An authorized Jesjt area must be used 
^ when testing these .items for circuit continuity 
and resistance. Only- specifically designated test 
equipment is used. . ^ 

9-15. Field assembly. Specific instructions are 
contained in applicable TOs and TMs. Assem- 
bly of the PWN-6A atid PWN-6B payloads 
consists of installijig and activating a battery in 
the instrument anC mating a parachyte to the 
sonde and ogive (nose cone), as shown in ^figure 
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Figure 26. Meteorological probe. PWN 8( ). operation. 
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Figure 27. SUPER LOKI system. 
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Figure 28. LAU-41/A rocket launcher. 

39. All ARCAS payloads are attached by screw- 
ing them on the fonvard end of the rocket mo- 
tor. LOKI darts are assembled as shown in fig- 
ure 40. Figure 41 illustrates assembly of the 
SUPER LOKI vehicle. 

9-16. Loading and launching. Figure 42 illus- 
trates ARCAS loading procedures. The four sty- 
rofoam spacers 'are used to center and stabilize 
the system until it leaves the launch, tube. (See 
fig. 43.) LOKt systems are loaded so that the 
dart fins ride on the launcher rails. (See fig. 44.) 
After loading both ARCAS and LOKI systems, 
a "stop pin" is engaged to prevent the rocket 
from sliding back when the launcher is elevated. 
The launch conductor insures that the range is 
clear, that, all checks have been completed, and 
that everyone is ready before activating the 
launch switch. 

9-17. Tracking Requirements. Rocketsondes 
are tracked by radar and/or rawinsonde track- 
ing equipment from launch through descent to 
25 kilometers. Various types of radar systems, 
including FPS-16, TPQ-^18, M-33*MOD 11, 
CAPRI and SCR-584, have been used for radar 
tracking. The GMD-I, GMD-2A. and BMD-4 
rawin sets are used for tracking sonde payloads. 
Radar data are normally displayed at specified 
time intervals (data points) on radar plot charts 



or presented in the form of digital time, azimuth, 
elevation, and slanjt range <TAER) values. Some 
radar systems convert the TAER data into a 
digital printout which includes altitudes and 
winds. Temperature data are recorded on a 
TMQ-5 recorder in basically the same manner 
as in rawinsonde. Both radar and GMD support 
is needed when ARCASONDE lA and stand- 
,ard datasonde instruments are flown. ROBIN 
and chaff payloads are tracked by radar. A 
GiMD-4 is used to track transponder-sondes 
(DMQ-9). 

9-18. Data Evaluation and Reduction. Pro- 
cedures for evaluating and reducing rocketsonde 
data differ, depending upon the ground and flight 
equipment used. However, the two basic meth- 
ods used are manual and electronic data proc- 
essing (HDP). ^ 

9-9. Manual processing. A time versus alti- 
tude relationship (T/ A ) is constructed from 
values derived from the radar plot chart, TAER 
data or GMD-t4 output. Unless altitude values 
are provided, you will have to compute them 
mathematically (slant range times the sine of the 
elevation angle). Windspeeds and directions are 
computed from the ground rang^ or horizontal 
distance out (HDO) for each data point (slant 
range X the cosine of the elevation angle). Wind 
directions and speeds can then be determined in 
basically the same manner as in rawinsonde. 
Temperatures traces on the TMQ-5 recorder 
record are illustrated in figure 45. The traces are 
carefully evaluated and levels are selected ac- 
cording to criteria specified in the Interim 6 WWg 
Rocketsonde Operations Manual. After all data ^ 
has been evaluated and verified, a reduced data 
graph ts comstructed as shown in figure 46. All 
plotted values are carefully double-checked and 
verified before data are extracted for coding and 
dissemination. 

9-20. Electronic data processing (EDP). Where 
EDP is available, raw or partially reduced data 
are prepared in specified formats and fed into 
computers. The computers have been pro- 
grammed to perform all required functions and 
to print out the data including a ceded message. 

9-21. Encoding and Disseminating Data. Re- 
duced rocketsonde data are converted to a rock- 
etsonde code message for teletype transmission, 
^tions that launch on a scheduled, network 
support basis (see table 1) transn^it ROCOB 
bulletins according to established teletype trans- 
mission schedules. Other rocketsonde observa- 
tions may be transmitted on an unscheduled 
basis. 

9-22. Rocketsonde code. Foldout I, printed 
and bound in the back of this volume, is an ex* 
ample and explanation of rocketsonde code'. 
When datd are reduced manually, the reduced 
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Figure 30. LAU-^6/A rocket launcher set up. , 

data graph is used to select mandatory levels 
every 5 kilometers (KM), starting at 25 KM. 
However, significant levels can be reported only 
to the nearest whole KM. The solidus is used 
for any missing data item. When EDPi is pro- 
vided, the computer prepares the ROCOB code 
message. 

9- 23. Records disposition. All rocketsonde 
and related records are fonvarded the pSAF 
Environmental Technical Applications Center 

. (ETAC) in Washington, D.C# .for- quality icon- 
trol and archiving. Records from a conjunctive 
rawinsonde observation, tak^^ within 4 hours 
before or 2 hours after "the launch, are also for'^ 
warded with the rocketsonde records. 

10. Dropsonde Observations 

10- 1. Dropsonde is a method of obtaining ver- 
tical weather data from an airaaft in flight. 
Dropsonde observations are made by airborne 
weather observers assigned to weather recon- 
naissance squadrons within' the 9th Weather Re- 
connaissance Wing. These airborne weather ob- 
servers (AWOs) make up part of the weather 
team whose primary mission is to collect hori- 
zontal and vertical weather data from remote or 
inaccessible areas of the world. There are usu- 



ally two or three members assigned to each 
weather team. These teams ' consist of an aerial 
reconnaissance weather officer (ARWO) and 
One or two aerial weather observers (AWOs). 
These team members daily collect weather data 
over the Atlantic, Pacific, and Arctic Oceans. 
They fly in WC-130'B/E and WE-135B aircraft 
at altitudes from 1,500 to 50,000 feet, and at 
speeds from 200 to 600 miles per hoi^^ They 
have some unique problems. The weather ele- 
ments that they report on are above, below, and 
all around them, no matter where they travel. In 
addition to being professional weather person- 
nel, ;hey must also be professional aircrew mem- 
bepj. AIL flints are a challenge to the AWOs. 
Some of the problems they encounter are chang- 
ing mission requirements, communication diffi- 
culties, crewmember duties, and equrpment fail- 
ures. This requires every weather team member 
—especially the AWO— to be a flexible, clear- 
thinking, quick-thinkihg individual who can re- 
spond to the variety of situations he faces when 
making dropsonde observations. 

10-2. The AN/AiVrr^l3 Radio Dropsonde, 
Since the early .beginnings of aerial weather re- 
connaissance (\Vx Recon), various types of drop- 
sondes have been used. Today, without the 
AN/AMT-13 compact electronic package, drop- 
sonde would not exist. The AN/AMT-13 radio 
dropsonde (T-13) is the heart of the dropsonde 
observation; it is used throughout the 9th • 
Weather Reconnai^ance Wing. The general 
specifications of tl^ T-13 are: 

a. Diameter 3.5 inches. 

b. Length 18 inches. 

c. Weight 4.7 pounds. 

d. Radiofrequency 402.5 ±. 1.5 Hz. 

e. Battery life (fully charged) 20 min. 
/. Measurement ranee. 

(1) 100 to lOeO^mb. 

(2) +55^ C. to -85^ C. / 

(3) 5 to 100 percent humidity.. / 

.MO-3. Figure 47 shows a T-I3 dropsonde 
(parachute unpacked) before it has been pre- 
pared for a weather mission. After the AWO 
unpacks the dropsonde, he must carefully pre- 
- pare it for its one-time, one-way drop to the 
sj^rface of the ocean or ice pack. First, he must 
attach the sensor board, containing the temper- 
ature and humidity elements (see fig. 48) to the 
bottom of the dropsonde (fig. 49). Then he 
must check the unit to be sure that it functions 
properly. To do this, he checks the dropsonde's 
batteries and charges rhem if necessary. He* also 
makes a complete chrck of the Electronic cir- 
cuitry. After this has been done, the AWO does 
the baseline check to determine whether or not 
the temperature and humidity sensors operate 
within the specified tolerances. In making this 
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Figure 31. Unpacking rocket motors and igniters. 




check, he compares the readings of the drop- 
sonde against a standard (under controlled con- 
ditions) aiid records the resuhs on forms for this 
purpose. Ail the paperwork pertaining to the 
dropsondc isSplaccd with it until the instrument 
is taken on aS«eather mission. However, this is 
only one step in preparing for an aerial >yeather 
reconnaissance mission. Another indispensable 
step is preflighiing the aircrafn 
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10-4. Prefllght of the Aircraft. Would you be 
willing to go to work at 0100 in. the morning 
to prepare .for a shift that starts at 0300 in the 
morning and continues for \9Vi hours straight 
with no breaks? An NCOIC who rcqCiired this 
of his people would probably receive some re- 
marks concerning his pedigree. This is the type' 
of dedication, though, that is required of ev^ry 
aerial weather observer. He must report to the 
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Figure 33. Explosive components container. 

aircraft 2 hours before takeoff to preflight the 
aircraft and meteorological systems. Of all the 
things he might do during the weather mission, 
the 2 hours allotted to preflight are the most 
important in his life. Why? Because his weather 
station is a mobile, high-flying, fast-moving plat- 
form. If that platform decided to quit about 
1000 miles from land' because he overlooked 
something, he might not have a second chance. 
Every crewmember is responsible for the safe 
conduct of the mission, and that includes the 
AWO. 




Figure 34. Inert components container. 
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Figure 35. Unpacking igniter assemblies. 
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Figure 36. Unpacking tail assemblies. 
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A. f^jcktt inserttd In launching tubt, 
3. Pfat^i.g spactr .n luunch«r. 



C. Roektt plac«d on spactr. 

P» Stop pins tngagid on launchtr. 



Figure 42. ARCAS loading procedures. 



lOo. '^'C J SO syuems. Preflight is usually 
siaricd bv checking the yircrafi first. An AWO as- 
signed to a WC-.130 (i^ee in. 50) assists the flight 
^ mechanic in checking the control surfaces ancj 
propeller controls on the aircraft. After, that, his 
next major considerations are the security of the 
cargo compartment and the availability .of emer- 
gency equipment. Once he has inspected the ma- 
jor flight safety items, then he* can return to 
being a weather observer. At this, point, the AWO 
starts to the outside of the) aircraft io assist' 
fhe rest of the crew in starting the engines 
and getting off the ground. Once the engines are 
started, the AWO is the mi one on the airplane 





$ind is responsible for closing all the doors be- 
fore the aircraft takes off. 

10-6. WC-JSS'syMems. In contrast, the AWO's 
. duties on the WC-135 (fig. 51) are quite dif- 
ferent from those on a WC-130, yet somewhat 
'.alike. Now, how can that be? Well, the crew is 
'still responsible for the safe conduct of the mis- 
sion, but the duties of the AWO are shortened 
in one area and expanded in another. The AWO 
on the WC-13^ has no responsibility for assisting 
the flight mechanic during any control surfaces 
01 engine checks. Almost all his aircraft pre- 
flight consists of checking emergency equipment 
and briefing passengers. Hhis might not seem im- 
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pori.ani to. you; but remember that in an emer- 
gency it might be necpssary*to ditch the aircraft 
in ine water lOOO^iles from nowhere. The 
emergency ;gear carried on the aircraft can mean 
the difference betwdjn'Iife and 'death for those 
on tpard. * • 

10-7. The^eflighl of the meteorological sys- 
the WC-1,J5 is ^ ^very technical • pro- 
cedure. The procedure takes approximately 30 to 
40 minutes for a fully qualified AWO. He has 
ihe^sQme responsibilities as the AWO or\ a \VC- 
130: to h'Sve the proper Mms. jequipment, and ' 
T-13 dropsoiides on hand/ As you can guess, ^ 
the AWO on each aircraft has*a very important 
position in the 'aircrew. His' advice ajid skill is 
sought 'both as a. weather observer and as an' 
aircrew team, member. This* Is whyMhe^ AWO 
must constantly strive loikeep up jo- date in bo 
aftas. Xbis is q'uiie a task because changes a' 
^taking place ccJnstahjly in the development " 
aij'cr^ft and of airborne meteorological system^!* 
fO-8> Airtorne #Meteororogicar Systems. 'The 
iwb airborne meteorological systems in us^' to-* 
day are different from those .offUst a few. years 
ago. In the short span of 5 years, AWS *has 
used four different ^weather systeps and is in the 
process of acquirmg yet another one.-The 
AMO-.25 and ^ the AN7AMO--^9 are the 'latent 
ysiems in use. The AN/AMO-29 is still being 
liipproved, although it^ is an operational svsteni. 
AN/AMQ-25 has been in use .during the 
y^ars, but is also still undergomg chi\n^. 
Because of the newness of ' the AN/AMO-39. 
the AN/AMQ-25*is the system we will discusv 
in great detail. 

10-9. AN/AMQ-25. This system is the older ^ 
of the two systems prcsenlh in use. It came into 
AWS inventory in 1965 along with, the WC- 
.%135B aircraft on' which it is installed. Even for 
its age» the system still offers a challenge to the 
airborne, weather, observer. It is composed of 
five specific subsystems within the main system. 
The five subsystems are: 
' • Horizontal (flight level). t 

• Vertical (dropsonde). 

• Data handlihg. * 

• Control conversion. 

• Teletype. 

10-10. Horizontal subsystem. This subsystem 
includes equipment which .directly or indirectly 
is involved in the collection of horizontal weather 
data. Contained within this' subsystem^ are com- 
ponents which feed position, wind, pressure^ time, 
and heading into the system for output to the 
airborne weather observer. By selecting the 
proper switches on. the dispenser control panel 
(see fig. 52), the observer can call upon the 
'CP-821/AMQ^25 digital data computer (see 
53) to process and output the first eight - 
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/groups of RfcCCO 'Code nhcn the mibsion re- 
quires It. In instance^ ;0;cn the conipuicr is out/ 
of operation, ihc oh^er\er has i^evcrai op'uons to 
follow. He can majiuall) compute the dan. using 
the manual dat;. indicators shown in lj;:are 52. 
or he can ha\c iho ^ -icm Jircct "'t'^ ovipui of 
raw unprocLWd dati- . . J . Thu^ 
the observer TTTT^ce method- > hib 
^horizontal data tor iransniibsiori .n. jr • irid 
and u>ing agcncie3 All three mclhcUs ^rc ui>cd 
when operational on each flight to con:rol the 
quality and verity the output of the A MO- 25 
system. J 

10-11. Vertivui subsystem. This ^ifoj^stem u 
the one of pnmarv interest to the AWO. It in- 
^cludcb the equipment necessary for the vertical 
sampling of the atmosphere below the 'aircfaft. 
The components of this subsystem consists of all 
the equipment necessary to drop, sense, and re- 
ceive all signals from the T-13 radio dropbonde. 
and pass them on to ih'e data handling subsys- 
tem. The dropsonde is placed in the dropsonde 
dispenser ejection chute (see fig. 54) with the 
sensor end down. The chamber is controlled from 
either the mam 0-25 console (see fig. 52) or 
the remote dispenser c«ontrol panel shown in fig- * 
ure 5^. After the sonde is turned on and ejected, 
signals from the' sonde are transmitted back to the 
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Figure 44. Loading the LAU-66A rocket launcher. 



aircraft. The receiver accepts these signals and 
sends them on to the data-handling subsystem. 
This system's job is an extremely important part 
of the vertical run. 

10-12. Data-handling subsystem. This subsys- 
tem is somewhat akin to a middleman. The dafa- 
handling subsystem receives all data from the 
horizontal and vertical subsystems. In the data- 
handling subsystem, the data is processed by two 
electronic components and sent forward to the 
control-conversion subsystem. 

10-13. Control-conversion - subsystem. The 
control-cortversion subsystem receives semiproc- 
essed raw data from the data-handling, subsystem. 
Here it is processed by either one of two modes, 
as selected by the airborne weather observer. 
Under one mode (the coinputer mode), the 
processed raw data i§ sent ^ by the CD-821/- 
AMQ-25 digital data computer, where' it is 



again processed and 
typewriters through 



the output sent to the ^le- 
the buffer-converter. The 
buffer-converter deserves special mention Be-"^ 
cause, it acts as a temporary storage unit. The 
computer can operate at the rate of 1000 words 
per minute, but the typewriter can print at only 
100 \frords per minute. Tl^most desirable thing 
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about computer processing is that the data output 
is in the processed code'd foriii. The only thinf 
that must be done to the output is to check it^ 
quality. 

10-14. If the observer does flot select the 
computer mode, he can use the second method.. 
Under this method, the processed 'vertical raw 
data ij> sent directly to the buffer-converter for 
delayed output to the telet>pewriter in the same 
manner as in the computer mode. However, the 
digital vertical raw data must be manually re- 
duced by the airborne observers. The processing 
of this digital data record to the raw parameters 
of temperature. humidit>. and pressure is a long 
and complicated procedure which takes the air- 
borne weather observer many hours to learn. 
For the purpose of this course, we will not be- 
come irtvplved<in this process. 

\0-\5.' Teletype subsystem. This system han- 
dles all the primary outputs from the Q-25 sys- 
tem. Its principal components consist of the tele- 
tvpewriter and reperforator, tran^^mitter. The 
teletypewriter handles all the outputs and print- 
outs from the buffer-converter and prints the 
data in the standard format on teletype paper. 
At the same time, the observer can. through 
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Figure 47. AN'AMT-13 radiQ dropsonde. 



ihc selection of switches, have the buffer-con- 
verter send signals to the repcrferator/trans- 
4.mjtter and have that ihachinc cut a teletype 
tape for transmission to the, ground. After the 
teletype tape is checked for quality, the op- 
erator, using the aircraft ^i^fto. contacts a ground 
station and establishes a radio link. The feie- 
type fiata is then sent to the ground Ihnd within 
minutes is in the using agencies' hands. Another 
system for processing dropsonde dat^ is the 



AN/AMQ-29 system used in'WC->130 aircraft. 

♦10-16. AN7AiVlQ-29, This dropsonde system 
presently in use is blrictly a vertical sounding sys- 
tem. This system is similar to the vertical subsys- 
tem of^he 0-25. The same dropsonde dispenser, 
receiver, and control panels are used in both sys- 
tems (see figs. 55 and 56). However, in the op- 
eration of the 0-29, once the sonde is ejected 
and transmitting signals back to the aircraft, these 
signals are measured, processed electronically, and 
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Figure 48. Dropsonde ^ensor board and humidity element. 
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Figure 49. Bottom view of assembled dropsonde- 

printed out as a digital record (.see fig. 57) for 
ihe AWO to process. The airbone observer proc- 
cihcs this digital record through an extended num- 
*ber of evalimtion steps to arrive at raw param- 
eters of temperattire, relative humidity, and pres- 
sure. When the AWO arrives at this point, the 
functions performed by the two airborne sys- 
tems merge. As*you^ould recall, we discussed 
the plotting of the WPC 9-31 (A, B, or C) chart 



earlier in this course. This chart is also used in 
Weather Recon. One of the things that Weather 
Recon does with the chart is different, but the 
basic idea is the saine. Wc-know at what millibar 
(MB) level the aircraft is flying and we know 
thejaie^altitude of that level. To get the heights 
irf^thestandard pressure surfaces below the air- 
craft, we just subtract (he distance from one 
MB level to another on the way down. The rest 
of the evaluation of the WPC 9-31 chart re- 
mains the same as in rawinsonde. 

10-17. Coding and Evaluation* The coding and 
evaluation of the dropsonde observation is done 
according to 9WRWGM 105-1, Vol I. Weather 
Recon uses the WMO code form of FM36.D 
' as adopted for U.S. Military usage in the manual 
for rawinsonde code. The code has not been 
modified, but there are two exceptions that are 
made to facilitate its use for dropsonde. 

10-18. Coding, One of the two exceptions is 
the replacement of the prefix "TEMP SHIP" 
with the dropsonde indicator groups of "9XXX9 
71717." The 9XXX9 group comes from the first 
group of RECCO code and is coded exactly the 
same. (See Volume 3, Chapter 1). The^71717 
is a key group to indicate that the data was ob- 
tained by the use of a dropsonde. The other ex- 
ception is the way in which the time of the ob- 
servation is encoded. The dropsonde operator 
codes the time to the nearest quarter hour. (See 
fig. 58). For example, if the time of the obser- 
vation is 002 IZ on the 2nd day of the month. 
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Figure 54 Vertical subsystem 



the first group after "TT' would be 0225/ in 
the dropsonde observation. ^TThe rest of the^code 
is basically the same, except that the wind groups 
are omitted from the code. A method of deter- 
mining winds is under research and development 
and is expected to be included in the next system 
update. An example of a completed dropsonde 
observation is shown below. 

URPA RJTD 020205 

AIR FORCE ROBIN SERRIA OBS 3 DROP 
97779 71717 

TT 0276/i 99420 IJ550 16525 99024 12000 00202 10800 
35541 

06666 70120 00261 5573 151// 88999 77999 
VV 0276/ 99420 1 1550 16525 00024 J2000 1 1882 03600 
22850 

0666 338qp 06065 44616 7162 55592 08758 66500 ^ 

151// M'5!5 
10168 05950 • 

10-19. Evaluation. An ambitious Quality Con- 
trol program exists throughout the dropsonde 
program. Not only is the quality of the observa- 
tions themselves controlled, but the quality of 
the systems and the people assigned to the unitb 
are also. Quality Control of an observation be- 
gins at the time the observation is finished. When 
the AWO finishes the observation and before it 




Figure 55. AN AMQ-;9 syitcm console. 
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IS sent, he gives ^he observation lo the aerial 
rcconnaisbunce weather officer .(ARWO). The 
ARWO then checi^s the qualit> of the drop and 
releases the observatio'n for transmission. After, 
the flight, the quality of the observation is again 
examined by a lughly qualified observer who is 
'assigned the additional duly of Duality Control 
NC^T^rhis is ^ not the last step tho"Ugh. Five 
dropsonde observations a month from each 
squadron are sent to the 9th WRWG to be evalu- 
ated for quality. This is the last step in the pro- 
gram before the observations are sent to ETAC. 

^0-20. This just about wraps up the drop- 
'■onde .observation. There are much more com- 
plicatt-'d procedures involved in tfe total picture 
of dropsonde. but these procedures are beyond 
the scope of this CDC. .Although we have only 
touched the surface of t^is interesting and chal- 
lenging duty, we hope we have whetted your-«tS^ 




petite for more. AWS'%9th WRWG has the prime 
responsibility for all of Air Force's World-Wide 
Weather Reconnaissance .program. sjf you can 
meet the challenge, you may find a voluntary 
tour in Weather Recpnnaissance an interesting 
experience. 

* 10-21. Before proceeding to Chapter 4, turn 
to your Workbook and answer the chapter re- 
view exercises for Sections 9 and 10 of Chapter 
3 
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Hgiire .'<6. .AN/AMO-^** ilispen.ser anil .sonde 
storage. 



Higiire .W. biimpltf AN A.MQ-29 digital record. 
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MODIFICATIONS . 

a ^of this publication has (have) bsen deleted In 

adapting this material for inclusion in the ^'Trial Implementation of a 

Model System to Provide Military Curriculum Materials for Use in Vocational 

C and' Technical Education." Deleted material involves extensive use of 

military forms, procedures, systems, etc. and was not considered appropriate 

for use in vocational and technical education. f'T 
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